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FOREWORD 


For  Discussion  and  Review  Only 
NOT  FOR  PIIBLICA.TION 


A  number  of  empirical  equations  and  equations  based  upon  physical 
principles  have  been  developed  for  estimating  potential  evapotranspiration. 
The  relationships  developed  are  generally  applicable  only  when  a  complete 
crop  cover  exists  and  when  there  is  an  ample  supply  of  soil  moisture. 
Furthermore,  similar  conditions  for  large  areas  surrounding  the  crop  aite 
in  question  may  be  required  for  valid  use  of  potential  evapotranspiration 
equations  developed  in  humid  areas. 

Potential  evapotranspiration  estimates  have  limited  utility  for 
practical  application  under  arid  and  semiarid  conditions.  In  some  in¬ 
stances,  estimating  procedures  have  been  developed  under  humid  conditions, 
and  when  applied  to  Western  conditions,  tend  to  underestimate  potential 
evapotranspiration  in  irrigated  areas  surrounded  by  drier,  more  arid  areas. 
The  problem  is  further  complicated  by  annual  crops  that  do  not  have  a 
complete  cover  throughout  the  season  and  may  not  require  an  abundance  of 
available  soil  moisture  at  all  stages  of  growth.  Under  such  conditions, 
estimating  procedures  to  predict  evapotranspiration,  particularly  for 
relatively  short  periods  of  water  use,  have  not  been  too  successful. 

One  reason  for  the  inadequate  evaluation  of  present  evapotranspi¬ 
ration  procedures  in  the  West  has  been  the  lack  of  reliable  published 
data  pertaining  to  evapotranspiration  rates  for  various  stages  of  crop 
growth.  The  study  herein  reported  was  initiated  to  summarize  and  make 
available  for  general  use  unpublished  evapotranspiration  data  for  a 
variety  of  crops  and  to  analyze  all  available  data  with  the  hope  of 
developing  a  simple  estimating  procedure  using  solar  radiation  data 
available  from  the  U.  S.  Weather  Bureau.  Much  of  the  tabulated  data 
herein  reported  and  used  may  also  be  helpful  in  evaluating  and  refin¬ 
ing  other  theoretical  equations  with  the  ultimate  goal  of  developing 
a  useable  and  accurate  procedure  to  estimate  evapotranspiration  for 
use  by  engineers,  irrigation  project  managers  and  farm  operators  on 
irrigation  projects. 

This  study  was  initiated  in  April  1960  when  a  questionnaire  and 
data  sheets  were  sent  to  all  personnel  in  the  former  Western  Branch  of 
the  Soil  and  Water  Conservation  Research  Division,  USDA,  who  had 
collected  evapotranspiration  data.  In  many  instances,  the  data  were 
a  byproduct  of  more  complex  experiments  on  soil-water-plant  relation¬ 
ships.  Requests  for  evapotranspiration  data  also  were  sent  to  Western 
Branch  personnel  formerly  in  the  Division  of  Irrigation,  Engineering 
and  Water  Conservation,  Soil  Conservation  Service,  USDA,  where  data 
were  available  and  could  be  summarized  from  existing  records. 

The  following  individuals  prepared  and  submitted  data,  much  of 
which  had  not  been  published:  Arizona-“K.  Harris,  Phoenix; 

C,  H.  M.  van  Bavel,  L.  J.  Erie,  and  0.  F,  French,  Tempe.  California-- 
P,  R,  Nixon  and  G.  P.  Lawless,  Lompoc;  H.  F.  Blaney,  Los  Angeles; 

N.  A.  MacGillivray,  V.  S.  Aronovici,  E.  S.  Bliss  and  L.  Gladon*  Merced. 
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Colora4o""A»  L.  Black  and  B.  W,  Grab,  Akron;  S.  Davis,  Grand  Junction, 
Idaho--C.  H.  Pair,  Boise.  Montana — P,  L.  Brown,  Bozeman.  Nebraska-- 
N.  P.  Swanson,  Lincoln;  0,  W,  Howe,  Scottsbluff  (Howe  also  summarized 
the  data  of  L,  Bowen,  formerly  at  Scottsbluff),  Nevada- -R,  Tovey,  Reno. 
North  Dakota — C,  N.  Carlson,  R,  H.  Mickelson,  J,  Alessi,  and  H.  J,  Haas, 
Mandan.  South  Dakota--N«  A,  Dimick,  B.  Baird,  and  J,  J,  Bonneman  (So,  Dak, 
Agric,  Exp,  Sta,),  Newell.  Texas--E.  Burnett,  Big  Spring;  M,  E.  Jensen, 

W,  H,  Sletten,  J,  J,  Bond  and  0,  R.  Lehman,  Bushland;  J,  E.  Adams,  Temple; 
P.  E.  Ross,  M,  Amemiya,  L.  N.  Namken  and  J,  W,  Boykin,  Weslaco,  Utah-- 
L,  S,  Willardson,  Logan,  Washington — S.  J,  Mech,  Prosser  (Mech  summarized 
the  data  of  H,  G,  Nickle,  formerly  at  Prosser). 

This  preliminary  report  does  not  contain  a  complete  analysis  of 
the  data  available.  Hence,  the  data  presented  can  only  be  considered  as 
tentative  and  subject  to  change  after  all  data  are  considered,  A  compre¬ 
hensive  publication  will  follow  presenting  greater  detail,  particularly 
pertinent  supporting  evidence  from  published  literature. 

Appreciation  is  expressed  to  num^erous  individuals  who  have  con¬ 
tributed  to  the  summarization  of  the  evapo transpiration  and  solar 
radiation  data.  Particular  gratitude  is  due  Carol  Crockett  who  has 
for  the  past  5  months  made  most  of  the  computations,  Marjorie  Erdley 
who  initially  cataloged  all  of  the  data  as  it  was  collected,  Carolyn 
Holland  who  transferred  much  of  the  raw  data  to  working  sheets  and 
made  preliminary  computations,  and  to  Myrtle  Anderson  and  others  on 
the  office  staff  at  Fort  Collins  for  typing  and  mimeographing  this 
preliminary  report. 


Marvin  E,  Jensen 


Howard  R.  Haise 
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INTRODUCTION 

During  the  past  few  years,  an  intensive  effort  has  been  directed 
toward  obtaining  evapotranspiration  (Et)  rates  throughout  the  season 
for  various  crops  as  a  result  of  a  deinand  for  this  information.  These 
data  are  needed  by  the  irrigator  for  scheduling  irrigations;  the  system 
designer  for  planning  more  efficient  distribution  systems;  the  project 
manager  for  evaluating  storage  requirements,  predicting  delivery  rates 
in  advance,  and  better  allocation  of  limited  water  supplies;  and  the 
project  planner  and  designer  for  better  predictions  of  irrigation  water 
demands  in  relation  to  supplies  and  the  functioning  of  the  project 
irrigation  distribution  system  during  an  irrigation  season. 

Studies  of  irrigation  water  requirements  for  entire  river  basins 
are  underway.  These  studies  frequently  involve  estimating  Et  for  various 
crops  throughout  the  growing  season  and  comparing  these  estimates  to 
diversions  and  rainfall  that  occurred  during  specific  years  in  the  past. 
Such  studies  may  modify  water  allocations  in  the  future  for  more  effective 
use  of  limited  water  supplies.  Therefore,  accurate  estimates  of  E|.  for 
short  periods  of  time  are  needed  because  unreliable  estimates  make  such 
studies  futile  and  can  result  in  serious  l^agel  litigations.  Projects 
will  be  more  costly  because  most  of  the  irrigable  land  that  can  be 
developed  at  low  cost  has  been  developed.  Therefore,  greater  precision 
in  estimating  Et  rates  throughout  the  season  with  smaller  safety  factors 
will  be  needed  to  make  more  efficient  use  of  water  and  to  make  new 
projects  economically  feasible.  The  capacity  of  drainage  systems  also 
may  be  reduced  if  better  estimates  of  Et  are  available. 

Recent  studies  of  the  principles  of  evapotranspiration  have 
definitely  shown  that  direct  input  of  energy  to  the  soil  surface  and  the 
crop  and  the  partitioning  of  this  energy  can  be  measured  with  sufficient 
accuracy  to  predict  resulting  evapotranspiration  with  a  relatively  high 
degree  of  accuracy,  Pelton  et  al.,  (1960),  and  Tanner  (1960),  However, 
these  measurements  require  elaborate  instrumentation,  specialized  training, 
and  are  not  readily  adaptable  to  the  solution  of  practical  problems  facing 
the  irrigation  engineer  and  irrigationist ,  Designers  in  most  instances 


IL/  Contribution  from  the  Soil  and  Water  Conservation  Research  Division, 
Agricultural  Research  Service,  U,  S,  Department  of  Agriculture, 

7J  Investigations  Leaders,  Water  Management,  Northwest  Branch  and 
Northern  Plains  Branch,  respectively.  Fort  Collins,  Colorado. 
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musf  rely  on  readily  available  information  to  estimate  for  a  proposed 
project.  The  individual  irrigator  frequently  guesses  when  irrigations 
are  needed  even  though  a  number  of  relatively  inexpensive  soil  moisture 
instruments  are  available  commercially. 

This  study  has  two  principal  objectives:  first,  to  summarize 
and  make  availalbe  a  large  quantity  of  unpublished  Et  measurements  for 
various  crops  at  many  locations,  and,  second,  to  investigate  the  possi¬ 
bility  of  utilizing  solar  radiation  instead  of  temperature  as  a  parameter 
for  estimating  Et»  Although  temperature  has  been  used  in  empirical 
approaches  to  estimate  seasonal  Et  with  reasonable  accuracy,  it  represents 
only  a  small  part  of  the  energy  exchange  that  occurs  and  cannot  be 
expected  to  give  reliable  estimates  of  short-term  water  use.  Solar 
radiation,  on  the  other  hand,  offers  the  use  of  a  physical  measurement 
directly  associated  with  energy  available  for  evapotranspiration.  Use 
of  solar  radiation  instead  of  temperature  offers  the  possibility  of 
improving  accuracy  of  short  term  Et  estimates  and  in  the  development  of 
simplified  estimating  procedures. 
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MEASURED  EVAPOTRANSPIRATION  RATES 


Evapo transpiration  (Et)  >  defined  as  the  sura  of  the  volvirae  of 
water  transpired  plus  that  evaporated  from  the  soil  or  plant  surfaces 
from  a  given  area  divided  by  that  area,  has  received  considerable 
attention  during  the  past  35  years.  Measureraents  of  E^  on  various 
crops  initially  were  limited  almost  entirely  to  seasonal  use.  More 
recently,  data  reported  has  included  both  seasonal  and  peak  use  rates 
with  additional  rates  often  presented  in  graphical  form  but  usually 
lacking  detail  needed  for  tabulating  short-term  Et  rates.  Some  of  the 
original  data  were  a  byproduct  of  irrigatiaji/ management  studies  and  re¬ 
quired  retabulation  and  computations  to  place  it  in  a  useable  form. 

In  many  instances,  the  data  were  of  limited  value  because  of  inade¬ 
quate  sampling  techniques  and  procedures  or  faulty  irrigation  practices. 
Nonetheless,  the  estimated  investment  in  the  Et  data  collected  and  con¬ 
sidered  reasonably  reliable  is  placed  between  1  and  2  million  dollars. 
Further  refinements  in  measurement  of  Et  may  be  needed  ultimately  for 
better  evaluation  of  estimating  procedures;  however,  the  data  being 
summarized  in  this  study  represent  a  large  portion  of  measured  Et  data 
available  today  in  the  Western  United  States. 

As  mentioned  in  the  Foreword,  much  of  the  short-term  Et  data 
have  not  been  published  and  were  solicited  from  the  former  Western 
Branch  personnel.  The  request  sent  to  field  locations  consisted  of 
two  data  sheets.  One  sheet  was  to  be  completed  for  each  experimental 
site  and  crop  studied.  The  second  sheet  contained  specific  data  for 
each  crop-year. 


Collection  of  Ej.  Data 


Examples  of  data  sheets  sent  to  each  contributor  are  in 
appendix  B.  In  general,  information  requested  included  location, 
crop,  variety,  rooting  depth,  soil  moisture  characteristics,  water 
table  depth,  irrigation  method,  size  of  plot  or  field  sampled,  des¬ 
cription  of  surrounding  area  and  personnel  responsible  for  measure¬ 
ments.  For  each  crop-year,  data  included  number  of  places  sampled, 
irrigation  treatment  (optimum  or  medium),  planting  date,  harvest  date, 
fertilizer  used,  yield  (normal  or  below),  and  variability  of  E^. 
measurements  (standard  deviation  per  sampling  place). 

Each  measurement  of  E^  reported  was  also  supported  by  information 
pertaining  to  the  following; 

Irrigation  -  number  in  the  season,  date  and  depth  applied 

Soil  sampling  procedure  -  dates  sampled,  number  of  places 
sampled  and  sampling  depth 

Climate  -  average  maximum  and  minimum  temperature,  rainfall, 
wind  movement,  evaporation,  general  climatic  conditions 


■Ij 
^  1 


■/  »  v  ^ 


>  i- 


■*  \  ■ 


■•f  I  ;  . 


I 


t' 


-4- 


Crop  -  stage  of  growth,  approximate  plant  height 

Evapo transpiration  -  actual  measured  values,  estimates 
following  irrigations  and  cumulative  Ef 

In  many  cases,  all  details  indicated  above  were  not  available 
and  in  some  instances  pertinent  facts  were  missing.  Where  adequate 
information  was  not  supplied,  data  were  placed  in  a  questionable 
category.  Published  data  from  State  experiment  stations  were  also 
summarized  if  essential  detail  was  given. 


Preliminary  Screening  of  Ej.  Data 

Each  experimental  site  was  evaluated  for  measurement  procedure 
and  data  available  using  the  following  arbitrary  standards: 


Item 

Satisfactory 

Useable  with  care 

Questionable 

Water  table 

^  8  feet 

4-8  feet 

<4  feet 

Location  of  site 

In  irrigated  area 

Surrounded  by 
some  dry  land 

Isolated  plo 

Planting  and 
harvest  dates 

Given 

Estimated 

Not  given 

Normal  yield 

Yes 

Reduction  due 
to  known  cause 

Below  normal 

Places  sampled 

>4 

3 

<3 

Depth  sampled 

4-6  feet 

3-4  feet 

2-3  feet 

Other  factors  such  as  temperature,  wind  movement,  evaporation, 
stage  of  growth,  plant  height  and  growing  season  for  forage  crops  also 
were  considered. 


After  evaluating  general  site  conditions  and  methods  of  measure¬ 
ment,  each  sampling  period  was  then  placed  in  a  satisfactory  or  question¬ 
able  category  according  to  the  following  arbitrary  standards: 


Item 

Depth  of  the  preceding 
irrigation 

Date  of  1st  sampling 
after  irrigating 

Length  of  sampling  period 


Satisfactory 

Normal 

^  2  days  after 
irrigating 

7-14  days  preferred 

Light  showers 


Questionable 

Excessive  (possible 
continued  drainage) 

<C2  days  after 
irrigating 

x5  days 


Rainfall 


Heavy  rainfall 
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After  preliminary  screening,  there  were  data  for  250  location-crop- 
years ,  1900  sampling  periods  ranging  from  5  to  30  days,  and  ^  different 
crops  avaiTable  for  analysis. 


Final  Evaluation 


Final  evaluation  of  all  data  has  not  been  completed  at  this  time. 
All  of  the  preliminary  calculations  required  are  made  and  if  final  com¬ 
putations  cannot  be  completed  because  of  a  lack  of  key  supporting  data, 
some  additional  values  will  be  eliminated.  As  each  value  is  plotted, 
it  is  rechecked  to  see  if  it  meets  the  primary  requirements  of  having 
been  made  on  a  field  or  plot  irrigated  adequately  prior  to  the  period 
of  measurement,  the  first  sampling  was  made  after  a  sufficiently  long 
period  of  time  after  an  irrigation  so  as  to  minimize  deep  percolation, 
and  rainfall  was  not  excessive  so  as  to  cause  deep  percolation  during 
the  sampling  period.  Only  actual  measured  values  and  no  estimates  are 
being  used. 


SELECTION  OF  METEOROLOGICAL  AND  CROP  PARAMETERS 


Meteorological  and  crop  parameters  are  needed  to  permit  E^. 
measurements  to  be  used  for  estimating  purpose  in  the  future  and  for 
adapting  the  E^.  data  to  other  areas.  Meteorological  parameters  must 
be  available  from  records  of  the  U.  S.  Weather  Bureau  at  desired 
locations  and  in  sufficient  quantity  for  correlation  purposes. 
Furthermore,  a .minimum  number  of  parameters  closely  associated  with 
potential  E^  desired  to  impart  simplicity  and  ease  of  use. 
Temperature  measurements  have  been  widely  used  in  the  past  because 
temperature  data  are  available  in  most  areas.  Procedures  for  esti¬ 
mating  seasonal  E^.  using  mean  temperatures  have  been  reasonably 
successful  and  accepted. 

The  crop  parameter  must  reflect  the  stage  of  growth, in 
particular  the  development  of  vegetative  cover.  Also  a  crop  para¬ 
meter  must  be  useable  for  variable  planting  and  harvest  dates  within 
a  region. 


Meteorological  Parameters 


Recent  studies  indicate  that  potential  E^  is  most  closely 
associated  with  net  radiation  —  Budyko  (1956),  Pelton,et.al,  (1960), 
Tanner  (1960),  van  Bavel  (1956),  Although  desirable,  net  radiation 
■is. not  readily  available  and  is  not  easily  estimated.  Also  since 
net  radiation  will  vary  with  climate,  soil,  crop  and  irrigation 
practice,  a  large  number  of  measurements  would  be  needed  for  all 
areas  and  crops.  Potential  Ej.,  on  the  other  hand,  should  be  closely 
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associated  with  solar  radiation  (short  wave,  0.3  to  3  microns)  since 
net  radiation  is  generally  about  0,5  to  0.6  of  solar  radiation  for 
growing  crops. 

Some  discussion  is  justified  as  to  why  temperature  is  not  a 
satisfactory  single  climatological  parameter  to  use  for  estimating 
for  periods  of  a  week  to  a  month.  As  previously  mentioned,  is  most 
closely  related  to  net  radiation  which  in  turn  is  closely  associated 
with  solar  radiation.  Temperature  is  directly  associated  with  only 
a  small  segment  of  the  energy  exchange  or  that  portion  of  radiant 
energy  devoted  to  heating  of  the  air.  Therefore,  unless  temperature 
is  closely  related  to  net  radiation  or  solar  radiation,  temperature 
cannot  be  considered  as  a  satisfactory  single  climatic  parameter  for 
estimating  E^j  (Felton,  et.al.  -  1960), 

The  relationship  between  the  9-year  average  maximtim  temperature 
and  solar  radiation  for  an  entire  year  at  Grand  Junction,  Colorado,  is 
presented  in  figure  1,  1.1  Maximum  temperatures  are  more  closely  re¬ 
lated  to  solar  radiation  than  mean  temperatures.  Note  the  curves 
closely  parallel  each  other  from  January  to  July  but  a  cross-over 
occurs  early  in  July  due  to  the  lag  in  temperature.  Empirical  pro¬ 
cedures  could  be  developed  to  compensate  for  the  temperature  lag, 
but  if  the  lag  is  disregarded,  mean  temperature  alone  would  result 
in  two  estimates  of  E^.  for  a  given  amount  of  solar  energy,  one  for 
the  spring,  and  one  for  the  fall  (figure  2),  It  should  be  pointed 
out  that  the  cyclic  effect  of  temperature  as  related  to  solar  radia¬ 
tion  would  result  in  a  slight  compensating  effect  when  used  for 
estimating  Ef  During  spring  months  more  solar  energy  is  used  in 
heating  the  soil  while  in  the  fall,  heat  is  released  from  the  soil 
under  similar  moisture  regimes.  Also  the  potential  for  advected 
energy  would  be  greater  for  irrigated  fields  in  semi-arid  areas  dur¬ 
ing  the  fall  months  because  there  would  be  less  available  soil 
moisture  in  the  surrounding  area. 

When  comparing  mean  temperature  with  solar  radiation  for  a 
month,  (figure  3)  temperature  could  be  used  to  adjust  estimates  of 
average  E^  for  locations  differing  substantially  in  solar  radiation. 
However,  if  temperature  is  to  be  used  as  the  only  climatic  factor  for 
a  given  month  and  location,  then  correlation  with  solar  radiation 
will  be  low  as  in  September  at  Grand  Junction  and  Bismarck  and 
practically  non-existant  in  April  at  Bismarck  and  Phoenix,  Corre¬ 
lation  of  mean  temperature  and  solar  radiation  for  periods  of  1  week, 
(figures  4,  5  and  6)  is  practically  nil  in  April  and  very  poor  in 
September  at  Bismarck  and  Grand  Junction. 


1/  Since  all  figures  were  initially  prepared  using  the  term 
gm.cal/cra  -day,  this  term  will  be  used  throughout  this  report, 
Gm.cal.  was  used  to  differentiate  between  calories /cm^-day  and 
Kg.cal/cm^-day  used  by  some  authors. 


Fig. 


1— Mean  solar  radiation  (gm.cal./ctn2-day) 
Grand  Junction,  Colorado  (1952-1960). 
weekly  values. 
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Fig.  2-Meaa  temperature  (op)  as  related  to  mean  solar  radiation  lllustraHn. 

cyclic  effect  due  to  higher  temperatures  in  fall  th^n  In  apr?^  for  ! 
given  ^unt  of  solar  radiation  at  Bismarck.  North  Dakota;  Gr^d  Junction 
Colorado;  and  Phoenix,  Arizona  (1952-1960).  “ 
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Fig,  3—Mean  nionthly  temperature  (®F)  as  related  to  solar  radiation  in  April 
and  September  at  three  locations  (1953~60), 


,  4— Mean  weekly  temperature  (©F)  as  related  to  mean  weekly  solar  radiation 
in  April  and  September  at  Bismarck,  N.  Dak,  (1953-60), 
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There  are  several  reasons  why  correlation  of  mean  monthly 
temperature  and  solar  radiation  is  better  at  Grand  Junction  and 
Bismarck  in  September,  Mean  monthly  or  weekly  solar  radiation  iS 
more  variable  at  these  two  locations  than  at  Phoenix  and  there  is 
generally  less  available  soil  moisture  in  th-e  ares  in  September  than 
in  April,  Consequently  a  greater  proportion  of  net  radiation  in  the 
region  is  used  in  heating  the  air  and  when  solar  radiation  changes 
materially  temperature  also  changes.  Another  reason  for  the  very 
poor  solar  radiation- temperature  relationships  in  April  at  Bismarck 
and  Grand  Junction  are  the  cold  fronts  that  move  across  the  continent 
which  are  often  followed  by  cold  clear  weather  when  solar  radiation 
is  high  and  temperatures  low. 

When  considering  the  data  presented  in  figures  1-6,  it  be¬ 
comes  obvious  that  using  temperature  as  the  prime  climatic  factor  for 
estimating  E|-  at  a  given  site  and  for  a  given  week  or  month  would  not 
result  in  reliable  estimates.  This  has  been  clearly  illustrated  by 
Pelton,  et.al.  (1960)  when  they  used  Thornthwaite' s  procedure  to 
estimate  for  alfalfa-brome  grass  hay  at  Hancock,  Wisconsin  and 
obtained  a  correlation  coefficient  of  only  0,3  for  6-day  mean  values 
of  estimated  E^.  and  measured  E^-, 

Crop  Parameters 


Crop  parameters  are  needed  in  an  equation  or  equations  for 
estimating  E^.  to  adjust  for  differences  among  annual  crops  like  corn 
and  sugar  beets,  perennial  crops  like  grasses  and  legumes,  and  ever¬ 
green  and  deciduous  orchard  crops.  Similar  evapotranspiration  rates 
may  occur  within  each  of  the  three  groups  for  some  crops.  Large 
differences  can  be  expected  between  groups  and  within  a  group  such  as 
between  a  short-season  grain  crop  and  sugar  beets.  Potential  E^.  in 
itself  is  not  adequate  because  potential  E^-  may  be  approached  for  only 
a  portion  of  each  crop  season.  Variations  in  Ej-  from  potential  Ej.  are 
great  and  knowledge  of  rates  or  a  means  of  estimating  E^.  rates  for  all 
crops  throughout  each  crop  season  is  needed. 

Annual  crops  generally  have  three  rather  distinct  stages  of 
growth  that  influence  E^  rates.  These  stages  are  (1)  emergence  and 
development  of  complete  vegetative  cover  during  which  time  Ej.  increases 
rapidly  from  a  low  value  and  approaches  potential  E^.;  (2)  the  period 
of  maximum  vegetative  cover  during  which  time  E^.  may  be  near  or  at 
potential  E^.  if  abundant  soil  moisture  is  available;  and  (3)  crop  matu¬ 
ration  where  E^  begins  to  fall  below  potential  Ej.  except  for  crops  like 
sugar  beets  which  may  have  an  Ej.  rate  close  to  potential  E|-  until  har¬ 
vest.  During  the  maturation  period  the  plant  becomes  the  limiting 
factor  in  transpiration  rate  although  a  lack  of  available  soil  moisture 
near  harvest  which  is  a  frequent  occurrence  on  many  crops  may  have 
major  effects  in  lowering  Ej.  below  potential  Ej-. 
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During  the  first  stage  of  growth  E^.  can  also  be  increasing 
as  potential  E^-  is  decreasing.  This  sitviation  occurs  with  short- 
season  crops  such  as  field  beans  planted  late  in  the  season  after 
maximum  potential  E^  has  occurred.  Time  of  planting  and  harvest  of 
a  given  crop  may  vary  considerably  in  a  region  and  at  a  given  location. 
Also  farmers  sometimes  replant  because  of  poor  stands  resulting  in 
widespread  variations  in  planting  dates.  In  order  to  correlate  solar 
energy  with  E^  rates  for  a  given  crop  over  a  wide  area  and  at  a  given 
location,  periodic  growth  stages  such  as  indicated  above  were  combined 
and  expressed  as  percent  of  the  crop  season.  This  procedure  made 
possible  the  adjustment  of  growing  periods  to  a  common  base  for  corre¬ 
lation  purposes. 

Expressing  the  growing  period  on  a  calendar  basis  is  not  satis¬ 
factory  because  of  the  variations  mentioned  above.  The  growing  period 
could  have  been  indicated  as  days  after  planting.  However,  a  late 
planting  generally  results  in  more  rapid  development  of  crop  cover  be¬ 
cause  of  warmer  soil  and  air  temperatures.  This  is  compensated  foVj  to 
a  certain  extent^ if  percent  of  crop  season  is  used  since  the  season 
will  be  shorter. 

The  growing  season  for  grasses  and  alfalfa  was  assumed  to  begin 
and  end  when  the  mean  air  temperature  in  the  spring  and  fall  reached 
and  remained  above  43®  F.  whereas  the  calendar  year  was  used  for  ever¬ 
green  orchard  crops  and  other  crops  that  are  grown  year-round.  Frost 
free  period  will  be  used  for  deciduous  tree  crops  in  northern  areas. 

The  calendar  basis  will  be  used  for  deciduous  orchard  crops  in  southern 
areas. 


Other  Formulae  for  Estimating  Ej. 


No  attempt  will  be  made  to  compare  estimating  procedures  to  be 
developed  and  given  in  this  preliminary  report  to  other  equations. 
Nevertheless,  use  of  solar  radiation  to  estimate  potential  Ej.  or  evapo¬ 
ration  from  water  surfaces  is  not  new.  Makkink  (from  Rijtema,  1958) 
developed  a  formula  in  1957  for  average  monthly  potential  at 
Wageningen,  Netherlands.  This  formula  is  as  follows: 

Ep  *  0,61  . .  •O.IZ  (1) 

A  +  r 

where 

Ep  =  potential  evapotranspiration 

=  measured  solar  radiation  in  mra/day 

/\  -  slope  of  temperature  -  vapor-pressure  curve 
(the  same  as  used  in  Penman's  formula) 

y  =  psychrometer  constant  =  0.49  mm  Hg, /degree  centigrade 
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This  formula  is  limited  to  potential  evapotranspiration  and 
to  a  local  area, 

Richardson  (1931)  proposed  using  solar  radiation  in  an  energy 
balance  equation  to  estimate  evaporation  from  lakes.  Values  for 
sensible  heat,  back  radiation,  and  Bowen's  ratio  were  to  be  computed, 
Crabb  (1952)  illustrated  a  close  correlation  between  mean  solar  radia¬ 
tion  and  mean  evaporation  from  a  "black-pan  evaporlmeter" .  However, 
in  the  figure  presented  a  lag  occurs  similar  to  temperature  lag 
shown  in  figure  1,  Crabb  also  refers  to  formulae  for  computattoni.of 
evaporation  based  on  solar  energy  that  have  been  applied  by  Cummings 
(1936),  Bowen  (1926),  and  McEwen  (1930). 
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ENERGY  BALANCE 


The  energy  balance  concept  is  the  basis  for  selecting  solaf 
radiation  as  the  main  meteorological  parameter  in  this  study  for 
estimating  Et.  Factors  involved  in  the  energy  balance  include  solar 
radiation,  thermal  radiation,  evapotranspiration,  sensible  heat  (in  air 
and  soil),  net  photosynthesis  and  storage  of  heat  in  the  vegetated 
zone.  Certain  simplifying  assumptions  were  necessary  in  developing 
the  E^.  estimating  procedure. 

Solar  Energy  (Short  Wave) 

A  portion  of  the  radiant  energy  from  the  sun  is  reflected  back 
from  the  atmosphere  and  clouds  as  illustrated  in  the  simplified  diagram 
shown  in  figure  7,  Most  of  the  solar  energy  received  at  sea  level  occurs 
between  wave  lengths  from  0.3  to  1,0  micron.  However,  the  solar  radia¬ 
tion  spectrum  at  sea  level  varies  from  0,3  to  about  3  microns.  Water 
vapor,  ozone,  and  carbon  dioxide  absorb  some  of  the  short  wave  radiation 
at  various  wave  lengths  ranging  from  0.2  to  about  2,8  microns  (Sanderson 
and  Hulburt,  1955,  and  Gates,  1959).  The  glass  in  the  bulb  of  Eppley 
pyrheliometers  used  by  the  U,  S.  Weather  Bureau  has  a  relatively  constant; 
transmittance  up  to  about  2.8  microns  and  a  reduced  transmittance  to 
about  4,0  microns  (MacDonald,  1951).  Therefore,  pyrheliometer  measurements 
made  by  the  U.  S.  Weather  Bureau  represent  total  short  wave  solar  radia¬ 
tion  from  direct  sunlight  plus  scattered  and  reflected  sky  radiation. 

Solar  radiation  variations  are  caused  by  smoke,  dust,  haze  and  clouds 
(Brooks,  1955),  The  term  solar  radiation  as  used  in  this  report  includes 
total  solar  and  sky  radiation  (0.3  to  3.0  microns)  but  not  long  wave 
thermal  radiation  from  the  atmosphere  (>3  microns). 

Upon  reaching  the  earth's  surface,  a  portion  of  the  short  wave 
radiation  is  reflected  back  to  the  atmosphere  and  space.  The  fraction 
that  is  reflected  is  called  albedo,  reflectance,  or  reflection 
coefficient  (r)  (  aC  in  figure  7  is  used  in  place  of  r).  The  reflectance 
of  the  land  surface  changes  during  the  day  with  the  angle  of  the  sun,  a 
greater  value  occurring  in  the  morning  and  evening  hours  (Budyko,  1956), 

The  reflectance  also  changes  with  wave  length  and  for  water  surfaces  is 
usually  much  less  than  for  land  surfaces.  A  summary  of  reflectance  and 
long  wave  emittance  values  for  natural  surfaces  are  presented  in  table  1, 
Additional  values  of  reflectance  for  water  surfaces  can  be  found  in 
Budyko,  table  6,  p.  40  (1956), 


Thermal  Radiation 

All  surfaces  lose  energy  by  long  wave  radiation  according  to 
the  Stefan-Boltzmann  law; 
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Figo  7--DiagraiffiDatic  sketch  showisig  disposition  of  solar  radiation  in  atsosphert 
and  at  earth* s  surface «  (See  section  on  Energy  Balance  for  symbols) 


Figo  8~-Locatioas  of  tabulated,  solar  radiation  data  (short  wave)  and  measure* 
evapo transpiration  data  in  the  17  Western  States « 
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TABLE  1, --Solar  reflectance  (r)  and  long-wave  emmittance  for  various  natural 
surfaces.  (Summarized  from  (a)  Brooks  (1961)  Table  57:7,  p.  840,  and 
(b)  Budyko  (1956)  Table  4,  p,  36. 


Surface 

Solar  reflectande 
(0,3-2. 5  microns) 

Long-wave 
emmittance  e 
(2.5  microns  up) 

Source 

Water,  single  surface 
reflectance,  i  =  60® 

0.06 

0.95  -  0.96 

(a) 

Fresh  dry  snow 

0.80  -  0.95 

(b) 

Soil 

Frozen  soil 

0.93  -  0.94 

(a) 

Dark  soils 

0.05  -  0.15 

(b) 

Moist  grey  soils 

0.10  -  0.20 

(b) 

Dry,  clay  or  grey  soils 

0.20  -  0.35 

(b) 

Dry,  light  sandy  soils 

0.25  -  0.45 

(b) 

Desert  surface 

0.25  'I 

Sand,  dry 

0.18  J 

0.90  (approx.) 

(a) 

Sand,  wet 

0.09  1 

Moist  ground,  70-907o  bare 

0.09  -  0,12  ^ 

0.95  (approx.) 

(a) 

Grass,  high  and  dry 

0.31  -  0.33  -v, 

Common  vegetables, 
fields  and  shrubs 

0.24  -  0.28 

0.9  (approx.) 

(a) 

Wilted 

0.30 

J 

Alfalfa,  dark  green 

0.03  (calc.) 

(0.95) 

(a) 

Rye  and  wheat  fields 

0.10  -  0.25 

(b) 

Potato  fields 

0.15  -  0.25 

(b) 

Cotton  fields 

0.20  -  0.25 

(b) 

Meadows 

0.15  -  0.25 

(b) 
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where 

e  =  long  wave  emittance  or  emissivity 

d"  =  Stef an -Boltzmann  constant 

(8.13  X  10~11  gm.cal/cm2-°K-min) 

T  =  absolute  temperature  ^Kelvin 
(273  +  °C) 

The  atmosphere  also  emits  long  wave  radiation.  The  magnitude  of 
thermal  radiation  from  the  atmosphere  varies  with  temperature,  water 
vapor  content  and  cloud  conditions.  The  source  of  the  thermal  energy 
emitted  from  the  atmosphere  is  from  some  absorption  of  short  wave 
radiation  as  previously  indicated  and  absorption  of  thermal  radiation 
from  the  ground  and  plants  by  water  vapor  primarily  in  the  4  to  8  micron 
range  and  wave  lengths  greater  than  14  microns  (Gates,  1959),  Therefore, 
to  obtain  energy  balance,  incoming  thermal  radiation  from  the  atmosphere 
and  outgoing  thermal  radiation  from  the  ground  and  plant  surfaces  must 
be  considered.  Generally  ground  and  plant  temperatures  are  higher  than 
the  effective  sky  temperature.  Therefore,  there  is  a  net  loss  of  thermal 
radiation  from  the  ground  and  plant  surfaces  to  the  atmosphere  (effective 
thermal  radiation).  An  example  of  thermal  radiation  that  is  very  common 
is  the  cooling  of  surfaces  such  as  tops  of  autos  on  clear  nights  resulting 
in  the  collection  of  dew  or  frost  (the  effective  sky  temperature  is  less 
than  dew  point  temperature  near  the  ground).  Considerably  less  loss  of 
thermal  radiation  occurs  with  cloudy  skies  becauae^louds  act  almost  as 
a  black  body  for  long  wave  radiation  and  since  ttS^are  at  low  elevations, 
they  are  at  higher  temperatures  than  the  effective  sky  temperature  on 
clear  nights. 

There  are  equations  for  estimating  atmospheric  radiation 
(B1  iss,  1961,  and  Brooks,  1952),  Outgoing  radiation  can  be  computed 
using  equation  (2)  if  surface  temperatures  are  known  (Gates,  1961), 

Since  the  effective  thermal  radiation  is  dependent  on  air  temperatures 
and  vapor  content,  as  well  as  surface  temperatures,  empirical  equations 
have  been  developed  for  estimating  effective  thermal  radiation.  According 
to  Gates  (1959),  Angstrom  proposed  such  an  equation  in  1915,  and  Angstrom 
and  Asklof  developed  a  modification  for  this  equation  for  cloudy  con¬ 
ditions  (Budyko,  1956),  Berliand  proposed  the  following  equations 
having  the  form  proposed  by  Brunt  (from  Budyko,  1956); 

For  cloudless  sky 

R^t  =  e  d'T^  (0.39  -  0.058  Ve”)  . . (3) 


where 


=  effective  thermal  radiation  for  a  clear  sky,  gm.cal/cm^-min 
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e  =  emissivity  of  the  atmosphere 

(0.72  -  0.90)  See  Bliss  (1961) 

T  =  air  temperature,  °K 

e  =  partial  pressure  of  water  vapor,  mm,  Hg. 
cT  =  Stefan-Boltzmann  constant 


For  existing  cloud  cover 


^et  ”  ^et 


f 


in  \  m  1 

'ilOi  J 


(4) 


where 


Rgj.  =  effective  thermal  radiation  under  existing 
conditions,  gm. cal/ cm2 -min. 

n  =  cloud  cover  in  tenths 

clear,  n  =  0;  cloudy,  n  =  10 

m  =  1.5  to  2.0 

The  above  equations  are  similar  to  those  used  by  Penman  (1948)  when 
computing  net  radiation  except  Penman  used  percent  of  possible 
sunshine  in  place  of  cloud  cover.  A  more  complete  coverage  of  this 
subject  can  be  found  in  meteorological  texts  and  articles  by 
Bliss  (1961),  Brooks  (1952,  1955,  1961),  Budyko  (1956),  and 
Gates  (1959,  1961). 


Dissipation  of  Energy  in  the  Vegetated  Zone 

The  main  energy  exchange  that  occurs  in  the  vegetated  zone 
is  energy  used  for  evapotranspiration  (E^.) .  In  addition,  energy 
is  used  in  heating  the  vegetation  (s),  the  ground  (G) ,  the  air  (A), 
and  in  photosynthesis  (P) .  These  terms  will  be  discussed  further 
in  the  following  sections. 


Energy  Balance  Equations 

An  energy  balance  equation  can  be  written  using  the  various 
terms  shown  in  figure  7.  However,  a  reasonable  assumption  is  required 
to  simplify  the  equation;  namely,  that  an  adequate  boundary  of  the 
same  crop  surrounds  the  area  in  question  and  that  no  temperature 
or  vapor  pressure  gradient  exists  in  a  horizontal  direction  within 
the  vegetated  zone.  Thus,  it  is  assumed  that  the  guard  area  surround¬ 
ing  the  Et  site  is  sufficiently  large  to  essentially  eliminate  so-called 
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’’clothesline  effect,”  The  equation  for  energy  balance  for  the 
vegetated  zone  then  becomes: 

Rg  -  rRg  +  -  (Rg  +  Rp)  -  LEt  -  G  -  A  -  P  -  s  =  0  .  .  (5) 

where 

Rg  =  solar  and  sky  radiation  flux  (short  wave) 

r  =  albedo  or  reflectance 

Ra  =  thermal  radiation  flux  from  the  atmosphere 

(Rg  +  Rp)  =  thermal  radiation  flux  from  the  ground  and  plants 

L  =  latent  heat  of  vaporization 

Et  =  rate  of  evapotranspiration 

G  =  sensible  heat  flux  to  the  ground 

(negative  for  flux  from  the  ground) 

A  =  sensible  heat  flux  to  the  air 

(negative  for  flux  from  the  air) 

P  =  heat  flux  used  in  photosynthesis 

s  =  heat  flux  stored  in  vegetated  zone 

(negative  for  flux  released  from  storage) 

In  this  equation  the  first  five  terms  represent  net  radiation  (R^^) 

^s  “  ^^s  +  ^a  "  (^g  "f*  ^p)  “^n . .  (6) 

For  periods  of  1  to  2  weeks  we  can  further  simplify  this  equation 
by  neglecting  several  terms,  s,  P  and  G.  The  heat  exchanged  in 
the  storage  term  (s)  may  be  high  for  a  few  hours  in  early  morning 
and  evening  (Tanner,  1960),  but  can  be  considered  to  be  negligible 
for  1-  to  2-week  periods.  The  photosynthesis  term  P  represents  a 
maximum  of  about  5  percent  of  net  radiation.  Lemon  (1960)  has 
estimated  P  in  a  corn  crop  to  be  about  5  percent  of  R^  during 
midday  and  possibly  larger  on  a  daily  basis.  Budyko  (1956)  esti¬ 
mates  P  to  be  as  high  as  5  percent  of  Rg,  The  change  in  heat 
stored  in  the  soil  can  be  assumed  to  be  negligible  for  1-  to  2- 
week  periods. 
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The  major  terms  remaining  in  the  energy  balance  equation  are; 


Rg  (1  -  r)  +  (Ra  -  Rg  -  Rp)  -  LEj.  -  A  =  0 . (7) 


where 


(Ra  -  Rg  ~  Rp)  =  effective  thermal  radiation,  Rg^- 
Equation  (7)  can  be  expressed  in  dimensionless  terms  by 


dividing  by  Rg,  and  after  rearrangement  becomes; 


LE 


-  =  1  -  r  +  ~  ~  ^p) 

Rs 


(8) 


The  ratio  LE^/Rs  represents  the  combined  effects  of  albedo  or 
reflectance  (r) ,  effective  thermal  radiation  (Ret)  and  heat  flux  to 
or  from  air  by  convection  (A) ,  and  constitutes  the  major  parameter 
in  the  solar  radiation  approach  for  estimating  Et  to  be  discussed  later. 


Since  reflectance  and  thermal  radiation  for  periods  of  about 
1  week  may  be  relatively  constant  except  when  a  crop  like  alfalfa 
is  cut,  the  main  source  of  variability  in  the  LEf/Rg  ratio  arises 
from;  (1)  Limited  soil  moisture  restricting  Et  and  causing  greater 
heating  of  air  (A  becomes  larger),  and  some  increase  in  r  and  Rgt> 
and  (2)  variations  in  A  under  adequate  soil  moisture  conditions 
caused  by  a  change  from  heating  air  (positive  A)  to  cooling  of 
air  (negative  A)  by  vertical  turbulent  heat  exchange  with  r  and  Rgt 
remaining  relatively  constant.  Based  on  a  preliminary  analysis 
of  the  data  to  follow,  the  latter  condition  of  turbulent  transfer 
appears  to  be  a  major  factor  in  any  procedure  for  estimating  Et  in 
semiarid  and  arid  areas. 

Turbulent  transfer  of  heat  may  be  expressed  by  the  following 
differential  equation  (Budyko,  1956): 


A  = 


(9) 


where 


p  =  air  density 


Cp  =  specific  heat  of  air  at  constant  pressure 

k  =  coefficient  of  turbulent  exchange 

C*  X 

=  vertical  gradient  of  temperature 

O  « 


o 


If  the  air  temperature  decreases  from  the  vegetated  zone  to  the  air 
just  above,  ST/SZ  will  be  negative  and  A  will  be  positive. 
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However,  if  the  air  temperature  above  the  vegetated  zone  is  higher 
than  the  ait  temperature  within  the  vegetated  zone,  3  T/ S  Z  wi^.1 
be  positive  and  A  will  become  negative.  This  condition  can  be 
expected  to  occur  frequently  in  irrigated  areas.  Tanner  (1960) 
reports  values  of  A  for  alfalfa-brome  grass  in  Wisconsin  of  -2,36  mm/day 
or  -0,093  inch/day.  Lemon  (1957)  has  reported  similar  advection  of 
energy  for  cotton  in  Texas, 

Computation  or  estimating  numerical  values  of  A  are  fairly 
easy  for  smooth  surfaces  using  equations  of  the  following  form 
obtained  by  integrating  equation  (9)  (Budyko,  1956): 

A  =  p  Cp  D  (Ts  -  T) . (10) 


where 


D>  =  diffusion  coefficient 
Tg  =  surface  temperature 

T  =  air  temperature  at  some  height 
For  water  surfaces,  the  Bowen  ratio  can  be  used  to  estimate  A, 

For  a  growing  crop,  computing  or  estimating  A  become  more 
difficult  because  a  boundary  is  involved  that  is  changing  in 
roughness  with  time  and  is  not  stable  because  crops  are  flexed  by 
wind.  However,  approximate  equations  have  been  developed.  Such 
an  equation  for  estimating  positive  A  over  grass  is: 

A  =  0,61t  (^^Tj)^*^  ,  ,  ,  ,  . . (11) 

(cal/ cm2) 


where 


t  =  time  of  positive  exchange,  hours  in  24 

A  Tj^  =  temperature  difference  between  the  soil  surface 
under  grass  and  air  at  2m,  °C 

Negative  exchange  occurring  at  night  when  temperature  inversion 
occurs  is  usually  much  smaller  than  under  conditions  of  positive 
exchange  during  the  day. 

Because  of  the  complexity  of  computing  or  estimating  A  for 
all  types  of  crops  and  various  stages  of  growth  involved,  the 
procedure  proposed  in  this  report  uses  the  average  value  of  r.  Ret) 
and  A  as  determined  by  evaluating  measured  Et  and  Rs  for  the  same 
period. 
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An  example  of  advected  energy,  the  results  of  which  are 
visible,  is  the  melting  of  snow  by  warm  air,  A  common  occurrence 
in  the  Great  Plains  States  is  to  have  a  clear  cold  day  with 
essentially  little  snow  melting  occurring,  followed  by  another 
clear  day  but  with  warm  southerly  winds.  Although  some  change 
in  net  radiation  will  occur,  the  main  difference  is  the  change 
in  A  from  a  positive  value  on  the  cold  day  to  a  negative  value  on 
the  following  warm  day. 
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SOLAR  RADIATION  DATA 


Solar  radiation  measurements  made  by  the  U.  S.  Weather  Bureau 
were  modified  in  1952  as  a  result  of  improved  procedures  for  cabibrat- 
ing  the  Eppley  pyrheliometer .  Descriptions  of  the  instruments  and 
calibration  procedures  are  described  by  MacDonald  (1951)  and  MacDonald 
and  Foster  (1954),  Weekly  mean  values  of  daily  total  solar  and  sky 
radiation  (short  v/ave)  for  a  number  of  locations  are  available  in  a 
publication  by  Hand  (1949).  However,  the  year-to-year  variability  in 
solar  radiation  that  occurs  was  not  presented.  Furthermore,  if  solar 
radiation  is  to  be  used  for  estimating  E^.,  it  must  be  made  readily 
available  in  convenient  form  for  all  areas  in  the  West. 

Solar  radiation  data  from  1952  to  date  have  been  placed  on 
punch  cards  at  the  National  Weather  Records  Center  at  Asheville, 

North  Carolina.  Tabulations  of  data  for  14  locations  obtained  from 
the  U.  S.  Weather  Bureau  include  weekly  means  of  solar  radiation, 
percent  possible  radiation,  and  mean  and  maximum  temperatures.  Photo 
copies  of  previous  tabulations  for  six  other  locations  also  were  ob¬ 
tained.  Year-to-year  standard  deviations  of  mean  weekly  solar  radia¬ 
tion  were  computed  for  14  of  20  locations  in  the  West.  Measurements 
of  solar  radiation  for  all  locations  were  then  converted  to  inches 
per  day  evaporation  equivalent  using  the  latent  heat  of  vaporization 
of  water  at  10^  C.  (590  em.cal/|*»  gram)  and  are  presented  by  weeks 
in  table  A-1  (Appendix)i' .  In  addition,  total  mean  monthly  solar 
radiation  was  computed  from  weekly  means,  converted  to  inches  evapo¬ 
ration  equivalent  and  are  presented  in  table  A- 2  (Appendix)  for  all 
locations.  Figure  8  illustrates  the  degree  of  coverage  obtained  in 
the  17  Western  States.  Several  stations  where  only  a  fev/  years  of 
data  were  available  are  not  shown  in  figure  8, 

With  only  7  to  9  years  of  solar  radiation  data  available, 
smooth  curves  cannot  be  obtained  by  connecting  the  points  of  mean 
weekly  values.  Therefore,  4-week  moving  averages  (table  A-1)  were 
computed  and  can  be  plotted  for  various  locations  as  illustrated 
in  figure  9.  Year  to  year  variation,  +  one  standard  deviation  is 
shown  by  the  dashed  lines.  Solar  radiation  for  a  given  week  during 
a  year  can  be  expected  to  fall  between  the  dashed  lines  in  2  out  of 
3  years. 


Estimating  solar  radiation  for  specific  periods 


A  number  of  equations  have  been  developed  for  estimating  solar 
radiation  using  either  percent  of  possible  sunshine  or  degree  of 
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The  52nd  week  is  an  8-day  week. 


8-day  week  in  leap  years. 


and  the  26th  week  is  an 
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SOLAR  RADIATION  —  IN./DAY 


Fig„  9— Mean  solar  radiation  expressed  as  in, /day  and  year-to-year  loean  standard 
deviations  at  Grand  Junction,  Colorado  (1952-60) « 
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Fig«  10— Comparison  of  estiijasted  mean  weekly  solar  radiation  (Rs)  with  measured 
mean  weekly  solar  radiation  at  Bismarck,  K,  Dak®  (1953-60),  Estimates 
between  dashed  lines  are  within  lOX  of  measured  values* 
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cloud  cover.  Angstrom  proposed  the  following  equation  in  1922. 

(from  Budyko,  1956); 

(Q  +  q)  =  (Q  +  q)Q  j  k+(l“k)s1  (12) 

where 

(Q  +  q)  =  total  solar  radiation  under  natural  conditions 

(Q  +  q)^  =  total  solar  radiation  with  clear  skies 

S  =  ratio  of  observed  sunshine  hours  to  possible 
sunshine  hours 


k  =  coefficient  (0.235  at  Stockholm) 


This  equation  was  modified  by  Savinov  (from  Budyko,  1956)  to 
use  cloud  cover  in  place  of  sunshine  resulting  in  the  following  equation 
used  by  Budyko  in  the  publication  "The  Heat  Balance  of  the  Earth's 
Surface'* ; 


(Q  +  q)  =  (Q  +  q)o  I  1  -  (1  -  k)  H 

where 


(13) 


n  =  cloud  cover  in  tenths 

(n  varies  from  0  to  10) 


k  =  coefficient  computed  from  data  for  62  locations 
(see  table  2,  Budyko,  1956) 


Kimball  (1928)  developed  a  similar  equation  for  U.  S.  locations; 


(Q  +  q)  =  (Q  +  q)^  [  0.29  +  0.71  (1  - 


(14) 


A  curvilinear  equation  using  cloud  cover  was  developed  by  Black  in 
1956  (from  Gates,  1959). 


For  this  report  mean  solar  radiation  data  (Rg)  is  included  in 
tabular  form  for  direct  use,  but  a  procedure  was  needed  to  estimate 
Rg  for  specific  periods  when  measurements  were  made.  In  some 
cases,  solar  radiation  from  nearby  stations  could  be  used  directly. 
Rather  than  determine  "clear  day"  solar  radiation  values  in  order 
to  use  one  of  the  above  equations,  another  equation  was  developed 
for  adjusting  mean  measured  solar  radiation  for  specific  periods 
if  cloud  cover  was  more  or  less  than  the  average.  The  equation  is 
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similar  to  those  given  above  except  mean  solar  radiation  for  natural 
conditions  at  a  location  is  used  instead  of  clear  day  values  as  a 
starting  point  as  follows: 

Rs  =  +  Kss  . 

where 

R_  =  total  solar  and  sky  radiation  for  a  specific  period 
s 

=  4 -week  moving  average  of  Rg  for  the  period 

Kgs  =  correction  coefficient 

n  =  mean  cloud  cover,  sunrise  to  sunset  in  tenths 
(clear,  n  =  0;  cloudy, n  =  10) 

n  =  4-week  moving  average  of,  n,  for  the  specific  period 

Thus  if  actual  cloudiness, n,'  is  equal  to  the  4-week  mean  cloudiness, 
n,  no  correction  is  needed.  Values  of  Kgg  for  19  locations  were 
determined  by  plotting  mean  weekly  values  of  solar  radiation  versus 
mean  cloud  cover  for  each  location  (approximately  450  points  for 
each  location).  The  slope  (-Kgg) of  a  straight  line  fitted  to  these 
points  by  eye  for  each  week  was  then  determined  (approximately  1000 
values) .  The  correction  coefficient  could  then  be  expressed  as  a 
linear  function  of  the  4-week  moving  average  of  solar  radiation: 

Kgg  =  b  Rg  +  a . (16) 

Values  of  a  and  b  that  reflect  the  type  of  cloud  cover  occurring 
at  various  locations  are  presented  in  table  2.  A  curve  of  Kgg  versus 
Rg  can  be  plotted  for  the  location  that  is  being  used  for  convenience 
in  determining  Kgg. 

Four-v7eek  moving  averages  of  cloud  cover  are  also  presented 
in  table  A-1.  Cloud  cover  is  being  recorded  in  tenths  (0  to  10)  by 
the  U.  S.  Weather  Bureau  for  the  periods  sunrise  to  sunset  and  mid¬ 
night  to  midnight.  Equation  15  requires  the  use  of  cloud  cover  from 
sunrise  to  sunset  expressed  in  tenths.  Records  of  cloud  cover  based 
on  hourly  averages  are  available  from  1950  to  date.  Prior  to  1950 
cloud  cover  was  based  on  only  two  to  three  observations  per  day. 

The  number  of  clear,  partly  cloudy  and  cloudy  days  are  given  in 
U.  S.  Weather  Bureau  Technical  Paper  No.  12,  "Sunshine  and  Cloudi¬ 
ness  at  Selected  Stations  in  the  United  States,  Alaska,  Hawaii  and 
Puerto  Rico".  However,  the  1950-1960  averages  differ  slightly  from 
those  obtained  by  computing  average  cloudiness  from  clear,  partly 
cloudy  and  cloudy  days  and  average  cloud  cover  in  tenths  based  on 
2-3  daily  observations.  Therefore  when  using  a  value  for  n,  the 
same  number  of  daily  observations  upon  which  n  is  based  should  be 
used  or  adjusted  accordingly. 
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TABLE  2. --Values  of  constants  a  and  b  for  use  in  equation  16  (Kgg  =  b  Rg  +  a) 


Location 

Equation  for  Kss 

Phoenix,  Arizona 

0.027  Rg  +  7 

Davis,  California 

0.010  Rg  +  17 

Fresno,  California 

0.060  Rg  +  8 

Grand  Junction,  Colorado 

0.066  Rg  +  2 

Boise,  Idaho  January- June 

0.022  Rg  +  19 

July-December 

0.024  Rg  +  13 

Dodge  City,  Kansas 

0.101  Rg  -  4 

Glasgow,  Montana 

0.072  Rg  -  4 

Great  Falls,  Montana 

1/ 

Ely,  Nevada 

0.082  Rg  -6 

Bismarck,  North  Dakota 

0.089  R  +  3 
s 

Stillwater,  Oklahoma 

1/ 

Astoria,  Oregon  January- June 

0.130  R  +  9 
s 

July-December 

0.068  Rg  +  11 

Medford,  Oregon 

1/ 

Rapid  City,  South  Dakota 

0.100  Rg  -  6 

Brownsville,  Texas 

0.078  Rg  +  3 

Fort  Worth,  Texas  January-June 

0,089  Rg  +  7 

July-December 

0.046  Rg  +  16 

Midland,  Texas 

0.076  Rg  -  6 

Spokane,  Washington 

0.036  Rg  +  21 

Lander,  Wyoming 

0,081  Rg  -  6 

\J  Computations  not  completed  for  this  location. 
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Equation  (15)  can  also  be  used  to  adjust  mean  solar  radiation 
from  any  of  the  20  locations  to  other  nearby  locations  at  about  the 
same  latitude  and  elevation.  Between  any  two  locations  at  different 
latitudes  for  which  data  are  available,  linear  interpolation  can  be 
used  if  cloud  cover  is  similar.  If  cloud  cover  for  the  location  is 
materially  different  from  both  adjacent  locations  then  solar  radia¬ 
tion  for  each  adjacent  location  should  be  adjusted  using  the  mean 
cloud  cover  of  the  specific  location  before  a  linear  interpolation  is 
made.  If  the  specific  location  for  which  estimates  are  needed  has 
a  considerably  different  elevation  other  adjustments  are  needed.  As 
elevation  increases,  Rg  on  clear  days  also  increases  because  of  less 
total  water  vapor  that  must  be  penetrated.  Meteorological  texts 
provide  correction  procedures  for  elevation. 


Reliability  of  estimating  solar  radiation 

In  ordei'  to  evaluate  the  suitability  of  equation  (15)  for 
estimating  solar  radiation,  three  locations  were  selected  using 
mean  cloud  cover  for  v/eeks  that  solar  radiation  was  measured. 

Figures  10  and  11  illustrate  the  differences  between  estimated  and 
measured  mean  weekly  solar  radiation  for  Bismarck  and  Phoenix. 

The  average  error  for  Bismarck  was  8.8  percent  and  for  Phoenix  5.1 
percent.  Greater  variability  in  cloud  thickness  and  density  prob¬ 
ably  accounts  for  the  larger  errors  at  Bismarck.  Similar  values 
were  obtained  for  Grand  Junction  where  the  average  error  was  8.4 
percent. 

For  longer  periods,  such  as  a  month,  greater  accuracy  is 
obtained.  A  comparison  of  estimated  versus  measured  mean  monthly 
solar  radiation  for  Bismarck,  Grand  Junction  and  Phoenix,  for 
April  and  September  is  presented  in  figure  12.  These  values  were 
obtained  by  estimating  Rg  for  individual  weeks  and  averaging  4  weeks 
to  obtain  monthly  means.  All  but  2  of  the  44  estimates  are  within 
5  percent  of  the  measured  values. 

As  previously  indicated,  solar  radiation  is  more  closely 
associated  with  E^.  races  than  mean  temperature.  Therefore  with 
the  indicated  accuracy  of  adjusting  solar  radiation  on  the  basis 
of  cloud  cover  and  with  the  availability  of  data,  solar  radiation 
becomes  a  more  logical  major  parameter  to  use  for  estimating  Ej- 
than  mean  temperature. 
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Fig,  11— Comparison  of  estimated  mean  weekly  solar  radiation  (Rs)  with  measured 
mean  weekly  solar  radiation  at  Phoenix^  Arizona  (1953-60) ,  Sstimtes 
between  dashed  lines  are  within  10%  of  measured  values. 


Flgo  12— Comparison  of  estimated  mean  monthly  solar  radiation  with  measured  mean 
monthly  solar  radiation  in  April  and  September  at  3  locations  (1953-60) » 
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THEORETICAL  (LEt/Rg)  RATIOS 


The  magnitude  of  (LEj./Rg)  ratios  for  specific  stages  of 
crop  growth  can  be  estimated  using  equation  (8).  For  example, 
consider  grain  sorghum  grown  as  a  row  crop  in  the  Texas  High  Plains 
area  on  a  silty  clay  loam  soil.  Three  stages  of  growth  will  be 
considered;  several  weeks  after  planting,  midseason  and  near  maturity. 
Equation  (4)  is  used  to  estimate  effective  thermal  radiation. 

Equation  (11)  is  used  with  soil  surface  and  air  temperatures  reported 
by  Army  and  Hudspeth  (1960)  to  estimate  the  value  of  A  several  weeks 
after  planting.  The  value  of  A  for  midseason  and  near  harvest  will 
be  assumed  to  be  zero.  Reflectance  values  and  Rg  are  also  estimated. 
(Equation  8  is  repeated  for  convenience.) 


1 


^et  _  A_ 
^^s  ^s 


(8) 


The  results  obtained  from  these  calculations  are  as  follows: 


State  of  growth 

Rs 

r 

Ret 

A 

LEj/Rs 

gm.cai/cm4-day 

gm.cal/cm^-day 

gm.cai/cm^-day 

Several  weeks 

after  planting 

660 

0.25 

148 

50 

0.45 

Midseason 

610 

.15 

144 

0 

.61 

Near  maturity 

405 

.20 

155 

0 

CM 

• 

The  above  data  indicate  that  several  weeks  after  planting,  a  LEj./Rg 
ratio  of  about  0.45  can  be  expected.  Then  if  advected  energy  is 
zero  (all  net  radiation  used  for  Et) ,  a  ratio  of  about  0,61  can  be 
expected  with  maximum  crop  cover.  As  the  crop  approaches  maturity 
the  ratio  can  be  expected  to  decrease  to  about  0.42, 

If  advected  energy  from  surrounding  drier  areas  was  being 
transferred  to  the  sorghum  during  midseason  at  an  average  rate  of 
0,05  inch  per  day  (A  =  75  gm,cal/cm2-day) ,  the  (LEt/Rs)  ratio  during 
midseason  would  be  0.72,  and  the  value  of  Et  would  be  0.317  in. /day. 
These  estimates  can  be  substantiated  by  actual  data  on  grain  sorghum 
obtained  at  Bushland,  Texas  (unpublished  data  by  Army,  Jensen,  Bond 
and  Sletten) .  During  the  period  August  4  to  18,  1959,  the  following 
measurements  were  obtained  using  an  Agmet  net  radiometer  and  soil 
sampling  procedures  on  plots  receiving  adequate  irrigation  at  midseason. 

Measured  Rn  =  0.230  in. /day 

Measured  Et  =  0.287  in. /day 

Estimated  A  =  -0.057  in. /day  (R^  -  Et  =  A) 
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Using  equations  4,  15  and  7,  and  table  1  for  the  same  period  the 
following  figures  are  obtained: 


Estimated 

Rs  = 

0.392 

in, /day 

Estimated 

Ret  = 

0.106 

in. /day 

Estimated 

r  = 

0.15 

Rn  “ 

0.227 

in. / day 

Estimated 

A 

-0.060 

in. /day 

and  Angus 

Data  obtained  by  Pruitt/ (1961)  using  a  20-foot  diameter  weighing 
lysimeter  planted  with  rye  grass  and  located  in  a  field  of  the  same 
grass  has  produced  similar  results.  The  following  data  were  obtained 
from  mean  curves  for  January  -  May  1960  and  July  -  December  1959. 

Data  obtained  on  dry,  strong-wind  days  were  excluded  from  the  mean 
curves  that  are  used.  The  ratio  Et/Rs  is  identical  to  LEt/Rs  if 
Et  and  Rs  are  expressed  in  the  same  units. 


January  -  May  1960 _  July  -  December  1959 


Et 

Rs  Et/Rs 

Et 

Rs 

Et/Rs 

mm/ day 

mm/ day 

mm/ day 

mm/ day 

0.66 

3  0.22 

0.79 

3 

0.26 

2.18 

6  .36 

2.92 

6 

.49 

3.70 

9  .41 

5.06 

9 

.56 

5.23 

12  .44 

7.19 

12 

.60 

At  the  highest  average  Et  rate,  7.19  mm/ day 
LEt/Rg  ratio  was  0.60.  On  windy  days  values 

or  0,283  inch/day,  the 
of  LEt/Rs  greater 

than  1.00  were  measured. 

In  summary,  theoretical  and  measured  values  of  the  LEt/Rs 
ratio  can  be  expected  to  be  from  0,55  to  0,60  during  midseason  with 
complete  crop  cover,  adequate  soil  moisture,  and  no  advected  energy. 
If  advection  occurs,  values  of  the  LEt/Rs  ratio  may  reach  0,8  to  1,0 
depending  on  the  amount  of  advected  energy  that  is  received  in  the 
irrigated  field  from  surrounding  drier  areas. 
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MEASURED  LEt/Rg  RATIOS 

Measured  LE^/Rs  ratios  for  field  beans,  corn,  grain  sorghum, 
sugar  beets,  alfalfa,  and  cotton  are  plotted  against  percent  of 
crop  growing  season  in  figures  13-21,  inclusive..  The  ratios  for 
field  beans,  corn,  grain  sorghum,  and  cotton  increase  rapidly  as 
vegetative  cover  is  developing o  Ratios  for  sugar  beets  increase 
less  rapidly.  The  maximum  ratio  where  Et  approaches  potential  Et 
occurs  near  midseason.  From  midseason  to  maturity,  the  ratio 
generally  decreases  due  to  changes  in  plant  characteristics  as 
expected  with  the  exceptions  of  sugar  beets  and  alfalfa,  A  crop 
of  sugar  beets  (figures  17  and  18)  has  a  dense  crop  cover  until 
harvest  or  killing  frost  and  would  be  expected  to  transpire  at 
about  the  same  rate  once  cover  had  been  established. 

In  contrast,  (figure  19)  alfalfa  is  a  perennial  and  develops 
an  early  effective  cover  as  soon  as  temperatures  are  favorable. 

If  cuttings  are  not  considered,  the  LSt/Rs  ratio  is  essentially 
constant  throughout  the  growing  season.  However,  the  ratio  drops 
markedly  when  a  cutting  occurs  within  a  measured  period.  Bahrani 
and  Taylor  (1961)  found  that  following  the  cutting  of  alfalfa, 
net  radiation  and  Et  decreased  and  surface  soil  temperature 
increased.  Net  radiation  is  affected  by  reflectance  and  effective 
thermal  radiation.  From  table  1,  reflectance  would  increase  when 
the  alfalfa  was  cut  from  about  0.03  to  0,10  with  moist  soil  at 
the  surface  and  possibly  higher  as  the  soil  surface  dried.  The 
higher  surface  temperature  increases  effective  outgoing  thermal 
radiation  since  it  is  a  function  of  temperature  of  the  surface 
to  the  fourth  power.  Hence,  the  decreased  LEt/Rs  ratio  observed 
when  cutting  alfalfa  at  Prosser,  Washington,  may  be  due  largely 
to  changes  in  net  radiation  plus  some  changes  in  the  transpiration 
capacity  of  the  crop.  Therefore,  periods  when  a  crop  such  as 
alfalfa  is  cut  must  be  considered  in  estimating  Et  rates. 

The  difference  in  planting  date  and  growing  conditions  for 
grain  sorghum  are  contrasted  in  figures  15  and  16.  Note  that 
near  potential  Et  is  approached  at  approximately  40  percent  of 
growing  season  at  Garden  City,  Kansas,  and  Bushland,  Texas, 
whereas  the  same  point  is  reached  at  25  percent  of  the  growing 
season  at  Mesa,  Arizona,  At  the  latter  location,  grain  sorghum 
is  planted  about  July  1  when  temperatures  are  higher  and  growing 
conditions  are  favorable  for  more  rapid  establishment  of  a  dense 
crop  cover.  Planting  dates  in  Texas  high  plains  and  western 
Kansas  are  about  June  10-15, 

Plotted  LE^/Rg  ratios  for  sugar  beets  presented  in  figures  17 
and  18  show  more  scatter  than  do  those  of  any  other  crops  analyzed 
thus  far.  However,  this  is  partly  a  result  of  purposely  including 
data  from  sampling  periods  when  it  appeared  that  irrigations  were 
not  as  frequent  as  desired.  As  a  result,  many  low  Et  rates  were 
measured  just  prior  to  irrigations.  The  scatter  was  equally  as 


(LEt/Rs) 


PERCENT  OF  GROWING  SEASON 

Figs.  13  aad  14— Variation  in  the  Et -solar  radiation  ratio  (UEt/^s)  for  field  beans 
(top)  and  for  com  (bottom)  in  relation  to  stage  of  growth  expressed  as  per 
cent  of  growing  season  at  3  locations  in  the  Northern  Plains.  Broken  line  de¬ 
notes  LEt/Rs  ratio  where  avail,  soil  moisture  nearly  depleted  at  crop  maturity 
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E'igs,  15  and  16— •Variation  in  the  Etrsolar  radiation  ratio  (LBt/Rs)  ^or  grain  sorghum 
in  relation  to  stage  of  plant  growth  expressed  as  percent  of  growing  season  in 
Southern  Plains  (top)  and  Southwest  (bottom).  Broken  line  denotes  LEt/Rs  ratio 
where  available  soj^l  moisture  was  nearly  depleted  at  crop  maturity. 
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Figs#  17  and  18— Variation  in  the  Bt-soiar  radiation  ratio  (LEt/F-s)  for  sugar  beets 
grown  under  '’optimum”  (top)  and  ’’medium”  (bottom)  soil  moisture  conditions  in 
relation  to  stage  of  plant  development  expressed  as  percent  of  growing  season 
at  Prosser,  Washington  (1939-41  and  1949) o 
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Figs,  19  and  20 — Variation  in  the  Et-solar  radiation  ratio  (LEt/Es)  tox  alfalfa  in 
relation  to  percent  of  growing  season  at  Prosser,  Wash,  (top),  .AI.€alfa 
grown  in  lysinseters  and  cut  3  t?,mes  with  water  table  at  4  and  8  feet  and 
with  no  water  table,  Eeno,  Hevads.  (bottoBi), 
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Figo  21— Variation  in  the  Et-solar  radiation  ratio  (LEt/^s)  for  cotton  in  re;.  ; 

to  stage  of  growth  expressed  as  %  of  growing  season,  Tea^e,  AriZoC^''" 
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Figo  22- -Comparison  of  estimated  Et  rates  (iuo/day)  with  measured  Et  rates  cur 
periods  ranging  from  5  to  20  days  for  grain  sorghum  and  corn  in  GrsD : 
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great  for  what  was  called  the  "optimum"  and  "medium"  moisture 
treatments  indicating  that  deep  percolation  losses  were  not 
necessarily  a  major  factor  in  the  higher  ratios  obtained. 

Further  evaluation  of  Et  data  by  Nickle  will  be  needed  as  time 
between  irrigations  may  have  been  excessive.  Lemon  (1957)  has 
shown  that  increased  soil  moisture  tension  can  decrease  transpira¬ 
tion  rates  materially.  The  mean  curve,  however,  should  represent 
average  conditions  between  irrigations  during  the  growing  season. 
Several  sampling  periods  usually  occurred  between  irrigations  and 
if  these  were  averaged  to  give  only  one  value  between  irrigations, 
there  would  be  much  less  scatter  of  points. 

The  measured  values  for  alfalfa  and  most  of  the  other  crops 
observed  to  date  are  generally  more  consistent  during  the  first 
40  to  50  percent  of  the  growing  season.  Estimates  of  Et  rates 
using  mean  curves  likewise  would  be  more  accurate  during  this 
period  which  corresponds  to  the  time  when  most  of  the  season's 
irrigations  are  applied.  For  this  reason,  a 'bookkeeping  system" 
to  schedule  irrigations  based  on  the  mean  LEt/Rs  ratio  and  solar 
radiation  received  can  be  reasonably  successful.  Scatter  of  data 
near  the  end  of  the  season  is  not  as  critical.  An  example  of  the 
effect  of  the  scatter  on  estimated  Et  rates  near  the  end  of  the 
season  is  needed  to  illustrate  this  point.  Consider  the  "optimum" 
soil  moisture  data  in  figure  17.  The  mean  LEt/Rs  ratio  is  0.69  at 
80  percent  of  the  growing  season.  Most  of  the  points  fall  between 
ratios  of  0.50  and  0.90.  The  mean  solar  radiation  at  this  time 
of  the  year  at  Prosser  is  about  0.27  in. /day.  Therefore,  the 
average  estimated  Et  rate  would  be  0.19  in. /day  and  the  Et  rate 
for  ratios  of  0.50  and  0.90  would  be  equivalent  to  0.14  and  0,24 
in. /day.  Thus,  even  with  the  large  scatter  late  in  the  season 
but  using  the  mean  value  of  LEt/Rs  for  estimating  purposes  would 
give  estimates  that  were  within  0,05  in. /day  from  the  observed 
values.  Another  reason  for  more  scatter  in  the  Prosser  data  is 
that  most  of  the  data  were  from  sampling  periods  of  4  to  8  days 
and  during  the  years  1939-1941,  moisture  levels  probably  were 
not  maintained  as  rigorously  as  during  the  studies  made  on 
alfalfa  in  1945-1947. 

On  the  basis  of  preliminary  observations  for  development 
of  a  reasonably  accurate  Et  estimating  procedure,  recognition 
must  be  given  to  and  correlations  developed  with  the  same  crop 
grown  within  a  geographic  area  of  similar  climate,  i.e.  the 
northern  Plains,  the  southern  Plains,  the  Southwest,  etc.  Grain 
sorghum  grown  in  the  Southwest  and  southern  Plains  (figures  15 
and  16)  illustrates  the  need  for  developing  ratios  for  each  crop 
on  a  regional  basis.  As  pointed  out  previously,  planting  dates, 
growing  conditions,  etc.  can  markedly  affect  the  growth  character¬ 
istics  of  a  crop  and,  correspondingly,  the  LEt/Rs 

One  observation  common  to  all  LEt/Rs  curves  presented  is 
the  magnitude  of  ratios  that  occur  near  midseason  when  Et  should 
approach  potential  Ef  As  previously  discussed,  a  ratio  greater 
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than  about  0.6  indicates  that  additional  or  advected  heat  is 
available  to  evaporate  water.  Whether  LE^/Rs  values  above  0.6 
are  the  result  of  measurements  taken  in  small  plots,  as  was 
frequently  the  case,  is  a  matter  of  conjecture.  Certainly  the 
possibility  of  horizontal  divergence  of  heat  or  "clothes  line" 
effect  cannot  be  overlooked  for  some  data  from  small  plots. 

It  is  of  interest,  however,  that  minimum  advection  appears  to 
occur  for  corn  in  the  more  humid  northern  Plains  (figure  14) 
in  contrast  to  grain  sorghum  and  cotton  in  the  arid  Southwest 
(figure  16). 

The  influence  of  advected  heat  is  also  apparent  in  the 
case  of  alfalfa  grown  in  lysimeters  at  Reno,  Nevada  (figure  20). 
Note  that  LEj./Rs  ratios  increase  almost  linearly  with  alfalfa 
growth  with  water  table  at  4  and  8  feet.  In  contrast, 
corresponding  ratios  for  the  irrigated  and  drained  lysimeters 
are  generally  lower  except  immediately  following  the  first 
cutting.  An  irrigation  was  applied  just  prior  to  the  first 
cutting  which  probably  resulted  in  cooler  soil  surface  tempera¬ 
tures  and  higher  net  radiation.  Advected  energy  could  also  be 
greater  under  these  conditions.  The  combined  effects  of 
greater  net  radiation,  higher  advected  energy  and  more  surface 
moisture  would  result  in  a  higher  ratio  for  the  irrigated 
lysimeters  after  cutting  than  the  non-irrigated  lysimeters. 

E^  data  from  irrigated  and  drained  lysimeters  during  the  week 
of  irrigation  were  not  used.  These  will  be  included  later  for 
further  analysis. 

The  average  yields  and  LEt/Rg  ratios  for  the  three 
treatments  (average  of  3  soils  and  3  replications)  were  as  follows; 


Yield 

LEt/R. 

4-foot  water  table,  not 

irrigated 

8.69 

tons/acre 

0.70 

8-foot  water  table,  not 

irrigated 

8.21 

tons/acre 

0.59 

Irrigated  and  drained 

8.09 

tons/acre 

0.54 

The  weighted  average  LEt/Rs  ratio  for  alfalfa  at  Prosser,  Washington, 
covering  a  period  from  18  to  94  percent  of  the  growing  season  was 
0.59  including  the  cutting  periods.  The  possibility  of  the  pro¬ 
nounced  effect  of  cutting  on  the  LE^/Rg  ratio  where  a  water  table 
wme-  involved  under  field  conditions  is  a  matter  of 

conjecture  at  this  time. 
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ESTIMATING  EVAPOTRANSPIRATION  FROM  SOLAR  RADIATION 
Estitnating  Evapotranspiration  Rates 

Solar  radiation  can  be  used  to  estimate  Et  rates  for  various 
stages  of  growth.  Only  two  simple  steps  are  involved;  (1)  determine 
the  solar  radiation  rate,  Rs,  in  inches  per  day  at  the  time  of  year 
that  corresponds  to  the  specific  stage  of  growth  for  which  an  estimate 
is  needed,  and  (2)  multiply  Rg  by  the  mean  measured  (LEj./Rs)  ratio. 

Estimated  Et  =  |  \  xRo . (17) 

\Rs  Im 


where 


LEt' 


m 


the  mean  measured  ratio  as  shown  by  the  curves  in 
figures  13-21 


Rs  =  solar  radiation  from  table  A-1,  inches/day 


Example  No,  1;  Determine  average  maximum  Et  for  irrigated  grain 
sorghum  near  Dodge  City,  Kansas,  The  following  crop  data  are 
typical  for  the  area; 


Planting  date  -  June  10 

Harvest  date  -  October  25 

Growing  season  -  137  days 

Average  maximum  (LEt/Rs)in  ratio  =  0,74  (from  figure  15) 

(Boot  to  heading  stage) 

This  average  ratio  occurs  during  40  to  50  percent  of  the 
growing  season  or  August  4  to  17  (31st  to  33rd  week) 

From  table  A-1  maximum  Rs  '=  0.425  inches/day  during  this  period 


Estimated  Et  = 


LEt 


m 


X  Rg  =  0,74  X  0,425  =  0,31  inches/day 


If  additional  information  on  year-to-year  variability  of  Et 
is  desired,  this  can  also  be  estimated.  First  assume  that  average 
advected  energy  will  occur.  The  mean  standard  deviation  of  Rg  for 
the  same  period  above  is  0,036  inches/day.  Therefore,  2  out  of  3 
years'  Rg  can  be  expected  to  vary  from  0,389  to  0,461  inches/day 
(0,425  +  0,036),  Therefore,  Et  can  be  expected  to  vary  from 
about  0,29  to  0,34  inches/day. 


Actual  solar  radiation  is  available  from  a  number  of  U,S, 

Weather  Bureau  locations.  If  estimates  are  needed  for  specific  periods 
of  time  in  a  given  year,  use  actual  solar  radiation  if  it  is  available 
nearby  or  estimate  the  solar  radiation  for  the  specific  period  using 
equation  15, 
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If  the  average  rate  of  is  needed  for  a  specific  period 
5  to  15  day  period,  the  midpoint  of  this  period  is  desirable.  The 
midpoint  of  the  period  expressed  as  a  percentage  of  the  crop  growing 
season  can  also  be  calculated  using  the  following  equation  and  dates, 
d,  expressed  as  1  to  365  during  the  year. 

Midpoint  in  percent  =  .'^■-,1^  ~  100 . .  (18) 

2  Ds 


where 

dj^  =  date  at  the  beginning  of  the  period 

d2  =  date  at  the  end  of  the  period 

Dg  =  days  in  the  crop  growing  season 

(harvest  date  -  planting  date  for  annual  crops) 

An  example  of  how  this  equation  is  used  is  as  follows: 

Example  No,  2:  JLThe  midpoint  of  an  8-day  period,  August  1  to  9 
expressed  as  a  percentage  of  the  crop  growing  season  used  in 
example  No,  1, 


August  1 
August  9 
Planting 
Midpoint 


=  213th  day  of  the  year 
=  221st  day  of  the  year 

date,  June  10  =  161st  day  of  the  year 

_  I  213  +  221  -  2(161)  I  100 
2(137) 


=  40»9  percent. 


Estimating  Total  Evapotranspiration  for  a  Specific  Period 


Solar  radiation  can  also  be  used  to  estimate  total  evapo¬ 
transpiration  for  a  given  period  using  the  following  equation: 


r  S2 


Total  E,  =  ^^1 

(LEt 

RgdS 

m 

X  D 

L 

S2- 

Si 

where 


LEt 


(19) 


Rg  /m 


and  are  as  defined  for  equation  (17) 
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dS  =  increment  of  the  growing  season 

Si  and  39  =  percent  of  growing  at  the  beginning  and  end 

of  the  specific  period,  calculated  using  equation  18. 


D  -  days  in  the  period 

Example  No.  3:  How  much  water  will  irrigated  grain  sorghum  use 
“  during  the  month  of  August  under  average  climatic  conditions 
using  the  same  crop  conditions  as  used  in  example  no.  1? 


July  31  =  1 


20  +  31 

\  137 


100  =  37  percent  of  the  growing  season 


August  31  =  [20  +  31  -t-  31 1  j^oo  =  60  percent  of  the  growing  season 
1  137 


The  period  in  question  represents  23  percent  of  the  growing  season, 
(60  -  37  =  23).  Divide  the  period  into  several  increments  such 
as  8,  8,  and  7  percent  whose  midpoints  are  at: 

37  +  4  =  41  percent  (August  5) 

41  +  8  =  49  percent  (August  16) 

49  +  7,5  =  56.6  percent  (August  26) 


For  the  3  increments  of  the  period  the  following  data  are  obtained 
from  figure  15  and  table  A-1,  Dodge  City,  Kansas: 


Increment 


1 

2 

3 


Midpoint  (S) 


H-s 


Rs 


% 

in. /day 

41 

0.72 

0.42 

49 

.73 

.40 

56.5 

.69 

.38 

Estimated  total  Et  for  August 

_  !  f0-72U0.42)(8)  +  (0. 73)  (0.40)  (8)  +  (0.69)  (0.38)  (7)j_  .. 
—  60  -  37 


_  (2.42  +  2.34  +  1.84)  x  31  =  0.287  x  31  =  8.9  inches 

23  - 

Estimated  total  Ej-  for  August  =  8.9  inches 

If  quick  estimates  are  needed  for  periods  of  a  month,  total  solar 
radiation  for  the  month  obtained  from  table  A-2  can  be  used 
providing  the  (LEt/Rs)m  ratio  is  relatively  constant. 
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Exatnple  4;  Using  the  total  radiation  for  the  month  of  August  for 
the  problem  in  example  3,  what  is  the  estimated  total  use  for  the 
month? 


Mean  total  Rg  for  August  =  12.42  inches 

LEt 


Average 


for  August  (37-607o)  =  0.71 


m 


Estimated  total  E^-  for  August  =  (0, 71) (12.42)  =  8.8  inches. 


Estimating  Seasonal  Evapotranspiration 


Solar  radiation  can  also  be  used  to  estimate  total  seasonal  E^. 
For  an  entire  season  equation  (19)  becomes: 


Total  seasonal  E^. 


100 


dS 


X  Dg 


(20) 


where 

Dg  is  the  total  days  in  the  season. 

Example  5:  How  much  water  will  irrigated  grain  sorghum  use  during 
an  average  growing  season  at  Dodge  City,  Kansas  if  good  irrigation 
practices  are  maintained  throughout  the  season?  Use  the  same 
crop  conditions  as  used  in  example  No,  1. 

For  convenience,  though  not  necessary,  the  137-day  growing 
season  will  be  divided  into  10  equal  increments  13,7  days  each. 

If  desired,  smaller  increments  can  be  used  where  (LE^/Rg)^  changes 
rapidly.  For  the  10  increments  the  following  data  are  obtained 
from  figure  15  and  table_A-l,  (Note:  Plotting  the  Rs  from  table  A-1 
will  simplify  obtaining  Rs  values). 


(1)  (2) 
Increment 

S  D 

(3)  (4) 

Midpoint 

S  Date 

(5) 

Avg.(H£) 

^s  m 

(6) 

^s 

Col. 2x5x6 

7o 

0  -10 

Days 

13.7 

7o 

5 

6/17 

0.21 

0.44 

Inches 

1.27 

10-20 

13.7 

15 

7/1 

.29 

.45 

1.79 

20-30 

13.7 

25 

7/14 

.44 

.43 

2.59 

30-40 

13.7 

35 

7/28 

.62 

.43 

3.65 

40-50 

13.7 

45 

8/11 

.73 

.41 

4.10 

50-60 

13.7 

55 

3/24 

.69 

.39 

3.69 

60-70 

13.7 

65 

9/7 

.61 

.36 

3.01 

70-80 

13.7 

75 

9/21 

.50 

.31 

2.12 

80-90 

13.7 

85 

10/4 

.37 

.28 

1.42 

90-100 

13.7 

95 

10/18 

.25 

.25 

.86 

Total  E^  for  the  season  =  24.50  inches 


Total 


24.50 
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However,  if  the  ''dry  soil  at  harvest"  curve  was  used  the  total 
for  the  season  would  have  been  22.36  inches. 

Both  of  the  above  values  are  within  5  percent  of  mean  season¬ 
al  measured  in  the  area.  The  latter  value  may  be  more  common 
when  using  an  irrigation  treatment  where  irrigations  are  not  made 
after  the  hard  dough  stage  (about  September  15)  because  addition¬ 
al  irrigations  do  not  affect  yields  materially  and  may  delay 
harvest. 


Reliability  of  Estimating  Procedure 


In  the  proposed  estimating  procedure  only  one  of  several 
variables  are  used  with  average  values  for  the  remaining  variables. 

This  means  that  the  estimate  would  be  reliable  for  longer  periods  of 
time  and  less  reliable  for  very  short  periods.  Also  a  procedure  as 
shown  above  should  be  considered  as  a  first  approximation  using  the 
energy  balance  concept.  A  second  or  refined  estimate  can  be  obtained 
when  the  actual  A  and  Rgj-  values  can  be  incorporated  for  each  specific 
period  rather  than  the  average  as  used  here. 

A  preliminary  evaluation  of  equation  17  was  made  and  the  results 
plotted  in  figure  22.  The  individual  points  represent  27  periods  of 
5-10  days,  20  periods  of  11  to  15  days,  and  14  periods  of  more  than  16 
days.  A  more  detailed  comparison  will  be  made  when  the  analysis  of 
all  data  is  completed.  In  general,  the  results  shown  in  figure  22 
are  encouraging.  However,  until  equation  (17)  can  be  tested  on 
other  data  from  which  the  mean  curves  were  developed  reliable  con¬ 
clusions  cannot  be  made.  Also,  as  better  Ej-  data  are  obtained  from 
carefully  controlled  irrigation  experiments  in  the  future  with  actual 
Rg  values,  less  variability  in  the  measured  (LE|./Rg)  ratios  can  be 
expected.  However,  some  variability  will  always  exist  because  of 
variations  in  r,Rgt  and  A  from  mean  values. 


SUMMARY 


Measured  evapotranspiration  data  from  various  irrigated  areas 
in  the  western  United  States  obtained  during  the  past  35  years  have  been 
collected,  screened  and  preliminary  analysis  completed.  Curves  of 
values  of  the  ratio  of  evapotranspiration  to  solar  radiation  through¬ 
out  the  crop  season  for  25  crops  are  being  prepared.  Preliminary 
analysis  indicates  that  improved  estimates  of  Ej-  rates  for  5  day 
periods  and  longer  can  be  made  using  simplified  energy  balance  equation. 
This  equation  uses  mean  measured  combined  values  of  reflectance, 
thermal  radiation  and  sensible  heat  flux  in  the  air.  The  main  parameters 
used  in  this  equation  are  solar  radiation  and  percent  of  the  crop  grow¬ 
ing  season. 
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TABLE  Al.  GRAND  JUNCTION,  COLORADO  (continued) 
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TABLE  AL — Weekly  mean  \’'f!lues  of  daily  total  solar  and  sky  radiation  (short  wave)  expressed  in  inches  per 
day  evaporation  equivalent  (1  gram  of  water  =  590  calories),  percent  of  possible  radiation,  mean 
and  mean  maximum  temperatures,  and  mean  cloud  cover.  Obtained  from  U.  S.  Weather  Bureau  Records. 
Elevations  generally  are  the  height  of  the  instruments. 
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TABLE  Al.  BOISE,  IDAHO  (continued) 
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TABLE  Al. — Weekly  mean  values  of  daily  total  solar  and  sky  radiation  (short  wave)  expressed  in  inches  per 
day  evaporation  equivalent  (1  gram  of  water  =  590  calories),  percent  of  possible  radiation,  mean 
and  mean  maximum  temperatures,  and  mean  cloud  cover.  Obtained  from  U.  S.  Weather  Bureau  Records. 
Elevations  generally  are  the  height  of  the  instruments. 
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TABL2  Al.  DODGE  CITY,  K/\NSAS  (continued) 
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TABLE  Al» — Weekly  mean  values  of  daily  total  solar  and  sky  radiation  (short  wave)  expressed  in  inches  per 
day  evaporation  equivalent  (1  gram  of  water  =  590  calories),  and  mean  cloud  cover.  Obtained  from 
U.  S.  Weather  Bureau  Records.  Elevations  generally  are  the  height  of  the  instruments. 
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Mean  of  hourly  observations  from  sunrise  to  sunset. 

Value  given  is  for  the  end  of  the  solar  week,  for  solar  week  Wo.  1  the  value  is  the  mean  of  weeks  52 
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TABLE  Al. --Weekly  mean  values  of  daily  total  solar  and  sky  radiation  (short  wave)  expressed  in  inches  per 
day  evaporation  equivalent  (1  gram  of  water  •=  590  calories),  and  mean  cloud  cover.  Obtained  from 
U.  S.  Weather  Bureau  Records.  Elevations  generally  are  the  height  of  the  instruments. 
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Mean  of  hourly  observations  from  sunrise  to  sunset. 

Value  given  is  for  the  end  of  the  solar  week,  for  solar  week  Wo.  1  the  value  is  the  mean  of  weeks  52 
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TABLE  Al.  GREAT  FALLS,  MONTANA  (continued) 
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TABLE  Al. —  Weekly  mean  values  of  daily  total  solar  and  sky  radiation  (short  wave)  expressed  in  inches  per 
day  evaporation  equivalent  (1  gram  of  water  =  590  calories),  and  mean  cloud  cover.  Obtained  from 
U,  S,  Weather  Bureau  Records.  Elevations  generally  are  the  height  of  the  instruments. 
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of  hourly  observations  from  sunrise  to  sunset. 
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Percent  of  extra-terrestrial  radiation  for  given  latitude  and  season  of  the  year. 
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Mean  of  hourly  observations  from  sunrise  to  sunset. 
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1,  2,  3,  etc. 


TABLE  Al.  STILLWATER,  OKLAHOMA  (continued) 


cn 

CO 

XJ 

in 

vl- 

P 

<t 

o 

VO 

00 

o 

ON 

o 

O 

C'. 

vO 

cn 

C3N 

ON 

ON 

CJN 

o 

ON 

cn 

CO 

cn 

ON 

ON 

00 

o 

iH 

cn 

cn 

NO 

00 

c 

o 

vO 

>£) 

in 

in 

LO 

<f 

in 

vt 

m 

in 

<f 

•cJ- 

CO 

cn 

CO 

CO 

cn 

<!• 

<*• 

<!• 

<}■ 

-o 

<J- 

<1" 

m 

in 

UO 

m 

in 

in 

..  .. 

H 

>> 

CO 

0^ 

•a 

s.^ 

• 

d 

#  * 

M 

>% 

CO 

00 

in 

VO 

cn 

m 

CM 

00 

00 

in 

rH 

O 

m 

cn 

NO 

00 

CM 

00 

nD 

CM 

vt 

o 

fH 

CO 

m 

m 

in 

cn 

CO 

TO 

CM 

m 

in 

00 

o 

fH 

CM 

fH 

cyi 

C3N 

00 

00 

00 

NO 

in 

cn 

rH 

C3N 

00 

m 

cn 

CM 

o 

cn 

00 

nO 

m 

Mj- 

Mj- 

CO 

cn 

f— 1 

cn 

cn 

m 

cn 

vt 

<t 

cn 

cn 

cn 

CO 

CO 

cn 

cn 

CO 

cn 

CO 

cn 

CM 

CM 

CM 

CM 

CM 

CM 

fH 

fH 

rH 

iH 

fH 

iH 

iH 

iH 

rH 

• 

c 

O 

H 

cn 

✓-N 

x: 

cn 

vO 

rH 

KO 

cn 

m 

lO 

1.0 

vD 

vt 

<t 

00 

vt 

O 

rH 

vO 

00 

cn 

o 

rH 

CM 

PK 

CO 

o 

00 

o 

iH 

in 

in 

CO 

o 

u 

r~1 

d 

o 

lO 

in 

m 

<}• 

<!■ 

m 

in 

in 

■d- 

CO 

cn 

<!• 

cn 

<1- 

<1- 

CO 

in 

in 

in 

Mf 

in 

in 

in 

in 

in 

N.^ 

0) 

..  .. 

H 

U-i 

• 

<ri 

00 

0) 

..  .. 

a 

Ua 

/-s 

• 

00 

oo 

Q) 

P 

iCO 

o^ 

i™l 

CM 

cr. 

CM 

fH 

<!■ 

m 

fH 

cn 

o 

00 

p 

■ct 

CO 

cn 

CM 

o 

cn 

CO 

cn 

rH 

CM 

cn 

in 

fH 

ON 

cn 

n- 

TO 

00 

m 

CO 

in 

cn 

00 

CM 

ON 

00 

vO 

CM 

lO 

rH 

CM 

rH 

o 

CM 

o 

oo 

00 

CO 

fH 

fH 

o 

fH 

1^ 

fH 

CO 

<!• 

<1- 

<1" 

<!• 

in 

<1- 

vt 

<t 

<1- 

v-1- 

<1- 

•vt* 

<t 

CO 

CO 

on 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

fH 

fH 

fH 

CM 

• 

d 

o 

•  •  •  • 

M 

>% 

CO 

vO 

CO 

r~^ 

CM 

1^ 

ON 

CO 

fH 

m 

iH 

in 

m 

00 

m 

o 

iH 

rH 

o 

cn 

NO 

o 

rH 

cn 

m 

cn 

in 

n. 

o 

cn 

CM 

cn 

cn 

T3 

<X> 

m 

cn 

CM 

CJN 

vO 

tH 

iH 

ON 

CM 

fH 

CM 

o 

CO 

n* 

CT» 

NO 

00 

<}■ 

00 

00 

o 

mJ* 

CM 

o 

fH 

CM 

cn 

ON 

NO 

\D 

r-H 

CM 

CM 

cn 

CO 

CO 

cn 

cn 

CM 

CM 

CO 

CO 

cn 

cn 

CM 

CM 

CNJ 

fH 

CM 

rH 

fH 

tH 

fH 

r-l 

fH 

iH 

fH 

fH 

rH 

O 

o 

o 

'w' 

• 

(N 

» 

d 

o 

M 

♦  .  •• 

>^ 

CO 

y-s 

TO 

m 

• 

d 

..  .. 

M 

• 

4J 

<1' 

CJ 

s-/ 

P 

CO 

v£) 

in 

rH 

O 

m 

o 

vO 

|H 

CM 

cn 

m 

CO 

CTN 

O 

00 

C3N 

00 

00 

m 

00 

<!• 

cn 

in 

o 

00 

00 

•s^ 

ON 

o 

00 

y^ 

TO 

C3^ 

CM 

00 

00 

cn 

cn 

o 

cn 

OO 

o 

00 

in 

NO 

NO 

CM 

f-4 

CM 

ON 

in 

cn 

O 

00 

00 

CO 

NO 

in 

in 

cn 

cn 

CO 

CM 

CO 

cn 

cn 

•of 

vt 

cn 

CO 

vt 

CO 

cn 

cn 

cn 

CO 

CO 

CO 

cn 

CM 

CM 

CM 

CO 

CM 

fH 

fH 

r-l 

iH 

rH 

t-H 

rH 

fH 

iH 

Si^ 

• 

d 

o 

M 

..  .. 

CM 

00 

00 

00 

n. 

00 

00 

00 

00 

ON 

ON 

CJN 

00 

00 

ON 

ON 

CSN 

00 

00 

00 

00 

00 

00 

00 

cn 

cn 

cn 

cn 

00 

00 

00 

00 

y^ 

cy^ 

o 

CM 

cn 

<1- 

m 

\0 

00 

ON 

o 

rH 

CM 

cn 

m 

NO 

00 

cn 

O 

rH 

CM 

cn 

m 

NO 

00 

cn 

o 

fH 

CM 

s.^ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CVJ 

CM 

CM 

cn 

CO 

cn 

CO 

cn 

cn 

cn 

cn 

cn 

cn 

*0 

<}• 

Ml- 

<(• 

Ml- 

Ml- 

UO 

m 

in 

oooooooocooooocor^t>>-oooooocor^i^r^i*~ 


TJ 

V4 

cn 

CMl 

d 

d 

1-4 

d 

o 

> 

4J 

cO 

1—4 

o 

d 

d 

u 

o 

d 

•  • 

B 

V4 

IM 

<u 

6C 

TO 

Cx» 

CM 

d 

M 

• 

d 

6 

CM 

CM 

•H 

cO 

•r4 

o 

CO  o 

r-4 

> 

TJ 

> 

•H 

Cl>  V4 

Nto/ 

o 

d 

d 

4J 

X  »4M 

•  • 

B 

CO 

T) 

CO 

o 

d 

4-4 

d  TO 

o 

X 

CO 

•H  <U 

•H 

•  • 

d 

d 

4J 

d 

d  -H 

s? 

& 

•H  CO 

> 

1 

1 

d 

■U 

d 

Vl 

•r4 

o 

'O  JO 

• 

rH 

rH 

d 

•d 

•r4 

Oi  O 

CO 

f— 4 

o 

CO 

4J 

CO 

4-4 

Vto/ 

cd 

CO 

CO 

d 

0)  • 

cu 

U  M 

B 

a  <u 

d 

r-tl 

X  > 

Vi 

•0 

Vl 

<u  o 

4-4 

d 

d 

d 

o 

to 

o 

CO 

o 

> 

d 

t— 4 

d 

t— 4 

o 

CD  T3 

•H 

S 

o 

o 

>  d 

cO  o 

d 

&  1-4 

j: 

• 

a 

u 

V4 

o. 

d 

• 

u 

a 

d 

a 

a 

U  c  'U 

d 

to 

•H 

a 

O  CO 

o 

<T\ 

4J 

d 

d 

J3  0) 

S 

44 

to  B 

4J 

d 

Si»/ 

Xi 

CO 

•d 

60 

• 

d 

d  d 

1-1 

s 

a 

1 

O  CO 

d 

V4 

d 

•H 

x: 

to 

d 

d 

Vl 

4J  *> 

cn 

✓-> 

cd 

PV 

d 

CO 

d 

O 

00 

rSi! 

d 

a 

4J 

•rM  CO 

xi 

d 

s 

d 

cO 

TO  (L) 

4J 

O 

d 

4J 

’H 

v£> 

Vi  Vi 

d 

O 

Vl 

>>  r-l 

CO 

a 

jm  CO 

«  • 

d 

1 

d 

CO  o 

>s 

<a 

a 

•r4 

o 

’X3 

r>. 

*r4 

■d 

•r4 

•d  o 

r-l 

d 

Vto/ 

cO 

4-4 

d  <T> 

CO 

CO 

CO 

Vl 

CO 

CO  in 

V4 

1—4 

S 

d 

v> 

to 

b  II 

d 

01 

• 

4J 

to 

d 

o 

f-i  Vi 

60 

4J 

g 

O  <U 

p 

1 

d 

CO  u 

CO 

a 

^r4 

o 

CO 

d 

vO 

rH 

•r4 

p 

•H 

'zi 

0 

•r4 

d 

CO 

4-4 

CO 

•rl 

to 

Vl 

CO 

U  4-1 

4J 

O  O 

CO 

4J 

> 

4-4 

^  6 

d 

O 

•d 

>\  CO 

Vl 

d 

w 

CO 

CO 

•r4 

o 

•H  00 

d 

■d 

> 

•H 

to 

in 

d 

d 

d 

4J 

■d  r-t 

# 

Sto/ 

r-l 

CO 

'V 

cO 

>-✓ 

CO 

cO 

4J 

l4-t 

■d 

> 

CO 

O  4-1 

u 

d 

o 

• 

d 

CO  tu 

o 

cd 

d 

0)  i-l 

d 

d 

1—4 

• 

d  CO 

oi 

a 

CO 

XI 

'd 

r-l  P 

s 

o 

•r4 

CO 

CO 

d 

o 

>1 

Pm 

CO 

Vl 

f>  d 

CO 

o 

cy 

d 

Cd 

d  <u 

Vl 

2 

d 

CO 

d 

o 

d 

1 

d 

<u  c 

CQ 

s 

♦r4 

o 

B  o 

p 

♦H 

n-t 

Vi 

<5 

cn 

CO 

4J 

-U 

d 

H 

pd 

CO 

r-l  fO 

x: 

d 

Jc!  V« 

4J 

o 

cu  o 

CO 

H 

d  04 

d 

W 

:s  CO 

JS 

CO 

TO 

1  > 

V: 

44 

Vl 

I  cu 

• 

CO 

O 

o 

• 

w 

•  * 

CM 

d 

o 

s-C 

s 

>4 

d 

<  cO 

• 

o 

Vl 

T) 

p 

M 

w 

H 

Vl 

r-» 

✓-s 

CO 

d 

cd 

c3 

T— 4 

1—4 

d 

o 

Nto^ 

o 

5 

H 

rJ 

CO 

to 

Xi 

4J 

c 

(1) 

H 


CO 

'tJ 

c 

M 


CO 

TO 


to 

Xi 


iJ 


c 


QJ 

H 


pKt 

60 

(U 

O 


Ft4 

» 

60 

O 

Q 


CO 

TJ 


>> 

CO 

TO 

• 

d 

w 


>% 

to 

TO 


o 

Ph 


cO 

•d 

• 

d 

w 


o^r-^m^o^^I-lo^r-^<t•o\OfOO^l^>oor'a^O 

irt\0\cir>-oooT-)cninvooooocM<j-vc>oOi-t 

OOOOOt-lr-»i-Cf-<f-tr-<CVJCMeMC'JC'JCMCO 


o 


r^r^vD<i-minco<j-roc'jincMr>»minoovD 

ooooooc3ococooocor^cdr^cocor^cooor'«f^ 


CNj  00  m  (y\  cvJ 

cr>  00  CO  o  <}• 

O  O  O  1^ 


o 


<Tk  cy>  CO  i>»  o  00 

v£)  O  O  00  O  CO 
r-t  CM  CM  r-(  CO  CM 


CO  CO  I-)  o^ 

<j-  CM  00  in  CO  in 

CM  CO  CM  (O  CO  CO 


r*>  CM  m  in  <f 
tMcococMin<f 
o  o  o  o  o  o 


o 


CO  00  CM  C5N  in  in 
in  00  00  CM  vo  CO 

O  O  O  t*H  i-H  »— I 


.-I  rM  CM  in  CO  CM 
i-M  in  00  in  vo 

rM  rH  i— I  r— t  CM 


cooooovocyii-icocyii-tcMcocMcocMtyiinr^in 

vDinmon'OO'-'inincyioocsNMfi-iMj-oOr-i 

OOOOOi-ti-lr-Ci-lrM,-)r-l.-ICMCMCMCMCO 

CO 


r^r>.rvoooooor^r^oooocooor>.f^r^r*ir>.o 


cMco<j-inior^oo<T>Oi-^eMcosl-in\Dr**oo 

_ I  _ I  _ I  _ I  _ I  _ ■  _ <  _ _ • _ j 


CM 

m 

to 

0) 

(U 

14-1 

o 

d 

to 

a> 

B 

0) 

xi 

■ui 

to 

•H 

O 

d 

> 

(U 

-d 

4-) 


• 

o 

s 

-Sli 

o 

<1) 

n 

CO 

I-t 

o 

•  CO 


4J 

d 

u 

CO 

o 

d 

44 

d 

CO 

Xi 

o 

d 

4J 

d 

& 

d 

CO 

Vl 

•rt 

CO 

Vl 

r4 

d 

O 

d 

CO 

CO 

d 

a 

-G 

o 

44 

Vl 

iw 

o 

CO 

d 

TO 

o 

d 

•r-t 

d 

44 

CO 

d 

> 

X! 

VI 

44 

d 

CO 

Vl 

p 

O 

o 

44 

• 

>1 

CO 

o 

r-l 

i4 

■u 

Vl 

d 

d 

d 

o 

d 

«% 

-d 

> 

cn 

•r4 

4-1 

60 

A 

O 

d 

CM 

d 

d 

A 

CO 

r— 1 

d 

C3 

S 

> 

r-4|  CM| 


TABLE  Al.  ASTORIA,  OREGON  (continued) 


CO 

CO 

w 

OO 

CO 

<T» 

ON 

ON 

<!• 

o 

m 

CO 

O 

CO 

<1- 

in 

•cl- 

m 

00 

o 

O 

CM 

CO 

CO 

(TN 

1-4 

tH 

CM 

px 

px 

px 

l-H 

C 

0) 

so 

so 

sO 

so 

so 

so 

so 

vO 

so 

so 

so 

so 

p^ 

r>. 

P^ 

00 

00 

CO 

CO 

CO 

00 

00 

•  •  •  • 

H 

a 

CM 

'V 

• 

c 

M 

>. 

CO 

vD 

cy> 

in 

vO 

o 

(T) 

ON 

CM 

CON 

CO 

in 

CM 

ON 

ON 

ON 

r— 1 

p«^ 

CO 

CO 

CO 

CM 

ON 

ON 

CJN 

CM 

C3N 

CO 

tH 

xt 

vO 

CO 

CM 

CM 

rH 

rH 

CO 

CO 

m 

in 

CO 

CM 

ON 

so 

CM 

CM 

00 

CM 

rH 

n. 

sD 

SO 

in 

in 

in 

in 

m 

r-l 

'O 

m 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

rH 

t-4 

O 

o 

o 

o 

o 

O 

o 

O 

o 

r— < 

• 

o 

c 

•  •  •  • 

M 

CO 

r'. 

vD 

CO 

T*1 

so 

CM 

C3N 

l-l 

CJN 

CTv 

CM 

C3N 

m 

SO 

in 

C3N 

rH 

so 

CM 

uo 

CO 

00 

in 

CM 

C3N 

Px 

o 

o 

CM 

o 

u 

r— 1 

0 

CO 

CO 

pN. 

CO 

\D 

in 

m 

SO 

m 

so 

sD 

sD 

LO 

so 

so 

so 

00 

sD 

so 

P^ 

CO 

00 

fx. 

00 

ON 

ON 

CO 

di 

..  .. 

H 

• 

• 

o^ 

bO 

(1) 

..  .. 

Q 

• 

fz^ 

1 

^-s 

• 

1 

00 

CjD 

N-/ 

0) 

1 

o 

>^ 

CO 

m 

vi- 

CO 

vO 

in 

C3N 

in 

CM 

in 

C3N 

SO 

00 

CM 

m 

C3N 

<3N 

00 

CO 

CO 

CO 

CO 

CO 

so 

in 

in 

ON 

iH 

in 

ON 

y-N 

TO 

CM 

CM 

00 

m 

cD 

CM 

ON 

CM 

<1- 

vt 

CO 

O 

o 

in 

CTs 

in 

00 

so 

P^ 

m 

C3N 

p» 

CM 

00 

o 

CO 

so 

so 

so 

C7N 

f'. 

CO 

<!■ 

<)• 

CO 

v1- 

CO 

vi* 

CO 

CO 

<t 

vi- 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

|H 

o 

iH 

O 

o 

o 

o 

o 

c 

O 

M 

>^ 

CO 

O 

o 

o 

ON 

m 

CO 

CO 

cn 

in 

rH 

CO 

so 

in 

n* 

f— 1 

so 

CM 

CO 

CM 

in 

m 

n. 

m 

CO 

rH 

so 

r-4 

13 

<t 

o 

CXJ 

CM 

so 

m 

<1" 

so 

(>. 

CM 

m 

C3N 

CM 

CO 

1— < 

<1- 

in 

m 

in 

00 

po. 

00 

so 

in 

CO 

in 

CO 

CO 

CM 

CO 

vO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

1-4 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

W 

C 

O 

M 

>> 

CO 

TO 

in 

• 

0 

..  .. 

M 

U 

O 

N-^ 

>» 

cO 

vO 

O 

r-. 

<1" 

00 

i~4 

sO 

sO 

SO 

so 

O 

CM 

<t* 

00 

CM 

r-t 

so 

so 

CO 

so 

p- 

ON 

CM 

ON 

so 

iH 

CM 

m 

px 

cn 

'O 

r-H 

CM 

v1- 

CM 

00 

•ct" 

o 

sD 

CO 

SO 

SO 

CM 

in 

f-H 

O 

cys 

in 

CM 

ON 

00 

CM 

CO 

CM 

o 

p^ 

SO 

so 

so 

m 

m 

<1" 

m 

CO 

CO 

CO 

CO 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

rH 

fW 

rH 

iH 

fH 

o 

O 

o 

o 

o 

o 

o 

o 

0 

o 

..  .. 

H 

CM 

00 

CO 

r>. 

CO 

00 

sD 

so 

sO 

sO 

SO 

n. 

sO 

so 

m 

p* 

P* 

px 

p» 

px 

px 

px 

px 

(T\  O 

■-H 

CM 

CO 

m 

sD 

00 

ON 

o 

rH 

CM 

CO 

<}• 

in 

vO 

p^ 

00 

ON 

O 

rH 

CM 

CO 

in 

sO 

px 

00 

ON 

o 

iH 

CM 

'w' 

CM 

CM 

CM 

CM 

CM 

CM 

c\j 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

Ml- 

Mt 

Ml- 

Ml- 

Ml- 

Mf 

Ml- 

Ml- 

in 

in 

in 

u 

a 

c 

•H 


i-i 

a> 

a 

• 

mam 

0)  to  T3 

0)  u 
a  o 
u 

A  0) 

B  ai 
o 

3 
*J  cO 
Tl  cO  O 

<U  'H  Jj 

to  TJ  3 
03  «  03 
(U  ^ 

!-i  H 
(U  (U 

X! 

0)  X3  Xt 
•1-4  Cfl 
/-N  0}  (U 
<U  CO  S 
>  O 
(0  O.  • 
^  </) 
»w 

4J  o  • 
Vj  b> 
O  *J 
x:  B 

CO  (U 

o  .  . 

^  CM 

s:  <y 
o  ex  *3 

•f)  0) 

+j  «  c 
3  *1-1 

•H  CO  CO 
TS  0)  iJ 
CO  -H  40 
U  O 
O 


a 

o 

^4 


>^ 

,^5  CO 
CO  o 

TO  O 
B  e?' 
co  m 


CO 

■u 

•  B 

0) 

Q)  B 


^4 

CO 


“  '2  E 

3  •H 
J4  O 

CU  I-I  OJ 

•box: 


CO 


CO 

S 


B 

CO  *w 


•u  4-4  <U  O 

o  o  a 

•u  4J 

TJ  x: 


c3 

•-4  B 
•I-I  00 
cO 

'3  iH 


3 

3 

4-4 

!-l 

X! 

O 

•u 

3 

•u 

B 

■Ul 

CO 

3 

3 

3 

0) 

I— 1 

J-i 

^4 

3 

3 

3 

3 

1— 1 

> 

a 

3 

•H 

a 

>> 

> 

3 

3 

1-4 

4J 

1—4 

B 

3 

3 

3 

a 

S-i 

3 

B 

3 

3 

a 

O 

a 

B 

•1-4 

•H 

3 

>1  -u 

00 

1-4 

3 

3 

It  J 

U 

a 

U 

*3 

O 

B 

3 

a 

B 

O 

:3 

3 

3 

•r4 

1 

> 

3 

•U 

1 

3 

a 

3 

O 

> 

P^  no 

3 

< 

3 

B 

rH 

TO 

3 

U 

W 
►  I 
(Xi 
< 

H 


"O 

P 

w 

en 

CM| 

3 

3 

x: 

vO  \0 

m 

cn 

1-4 

o  rs 

in 

cn  cn 

m 

CM  P 

o 

00 

o>  Os  in 

1"^ 

B 

O 

> 

U 

3 

T*< 

O 

B 

00  00 

00 

00 

00 

00  rs 

rs 

rs  fs 

rs 

rs  rs 

rs 

sD 

sO  sO  so 

■u 

3 

CD 

o 

3 

3 

a 

H 

3 

* 

CM 

4-1 

OC 

*3 

in 

B 

P 

Sn 

o  cn  CM 

rH 

•f^ 

3 

B 

3 

sd* 

1-4 

00 

1*4 

00  CM 

<1- 

rs  vo 

00 

00  p 

rs 

sD 

m 

eg 

CM 

> 

XJ 

•p 

3 

f*( 

r— 1 

CM 

CM 

cn 

cn  -<1- 

-d-  -d- 

st 

<t  in 

in 

in 

sO  sO  sO 

PO 

O 

B 

> 

•S 

o 

o 

O 

O 

o 

O  O 

o 

o  o 

O 

o  O 

o 

o 

o  o  o 

3 

Nii^ 

a 

3 

3 

B 

• 

3 

B 

3 

3 

B 

O 

5 

CO 

M 

•  • 

3 

4-1 

B 

• 

3 

O 

O 

& 

•H 

1 

B 

B 

■u 

U 

iM 

O 

3 

o 

r-s 

CM 

m 

fp  cn 

t— 4 

cn  p 

m 

•3-  cn 

cn 

CM 

CM  rs  rs 

3 

3 

1-4 

3 

■3 

•H 

3 

r- 

1^ 

00 

o 

f*l 

cn  in 

rs 

(J\  1—1 

CM 

in  rs 

cn 

CM 

cn  sd-  so 

> 

1-4 

O 

3 

B 

O 

o 

o 

1*4 

rP  P 

r-4 

P  CM 

CM 

CM  CM 

CM 

cn 

cn  cn  cn 

a 

3 

>•«/ 

b 

3 

• 

fH 

B 

o 

3 

M 

M 

JO 

B 

• 

p 

3 

3 

1 

-4| 

M 

•H 

3 

y-S 

B 

3 

P 

x: 

o 

3 

3 

3 

B 

CO 

o 

1^ 

cn 

CM 

OO  cn 

00 

rs  cn 

sO 

sd-  1^ 

f™i 

o 

rH  rH 

3 

3 

1*4 

O 

> 

B 

3 

s 

1*4 

O 

3 

00 

cyi 

00 

00 

00 

rs  00 

vo  rs 

rs  rs 

vO 

Ps 

rs  (ss  so 

rH 

X! 

o 

U 

H 

3 

B 

> 

•• 

t 

• 

3 

44 

O 

3 

• 

• 

Pm 

JO 

4J 

B 

><5 

a 

• 

AJ 

B 

o> 

3 

3 

a 

00 

eo 

vO 

oo 

1*4 

CM  iP 

CM 

sd-  m 

in 

cn  cn 

in 

sd- 

sO  sO  00 

O 

s-/ 

C 

3 

a 

3 

3 

■si- 

<1- 

•d- 

in 

m  m 

in 

m  in 

in 

in  in 

vO 

vO 

sO  vO  sO 

f*l 

to 

3 

s 

4J 

ea 

3 

• 

3 

• 

3 

S 

•  • 

a 

•  • 

•  • 

o 

to 

p 

• 

2 

3 

3 

Pm 

3 

CM 

1-4 

B 

ex 

P 

« 

Jd 

B 

CM 

CO 

3 

a 

B 

oo 

in 

CTi 

CTi 

o 

CM 

CM  CM 

cn 

cn  -d- 

■<l- 

rs  CO 

r“4 

1*4 

CM  cn  sd- 

3 

3 

3 

3 

B 

3 

cn 

on 

cn 

■d- 

sd- 

-d- 

-d- 

-d"  <t 

-d- 

<f  .<1- 

m 

m 

m  m  in 

3 

3 

o 

3 

S 

B 

3 

Q 

CM 

r? 

3 

U 

3 

3 

B 

1 

B 

rH 

•H 

•  • 

a 

»r4 

O 

3 

\o 

CO 

CM 

cn 

rs. 

in  00 

r— 4 

so  00 

CM 

p  cn 

00 

cn 

sd"  so  in 

o 

B 

3 

3 

•H 

3 

o^ 

rs 

o 

CO 

vO 

rs  ps. 

rs  vo 

o 

CM  cn 

so 

rs 

sd-  p  cn 

•  CO 

3 

TO 

•H 

3 

B 

o 

o 

»-4 

IP 

r-4 

p  p 

CM 

CM  CM 

cn 

cn  cn 

cn 

cn 

sd*  sd-  sd- 

B 

f*4 

3 

x 

P 

3 

3  U 

•P 

iS 

S 

o 

W  O 

s 

•1-4 

3 

s 

M 

B  4-( 

3 

4J 

f-4 

3 

> 

3 

•  « 

3 

CO  .1 

•P 

1-^ 

•U 

€ 

00 

O 

3 

1 

B 

>, 

O  3 

■u 

a 

•P 

O 

3 

<1- 

rs. 

m 

CM 

in 

CO  <n 

CO 

os  rs 

O 

cn  sd- 

CM 

fH 

rs  \o  eg 

B  3 

P 

•r4 

3 

•P 

3 

cn 

m 

in  sd- 

V.O 

rs 

00 

CM  cn 

vO 

00  in 

s1- 

CM 

CM  rs  00 

s 

o 

vO 

B 

3 

B 

O 

o 

O 

O 

o 

o  o 

O 

rH  f-4 

1*4  1-4 

CM 

CM 

CM  CM  eg 

3 

44 

1*4 

•H 

p 

3 

• 

to  p 

•rl 

s 

B 

o 

•p  3 

B 

3 

M 

P  p 

O 

'3 

B  O 

•r4 

•  • 

3  to 

B 

4-1 

3 

to 

3 

O 

P 

1 

P 

3 

*r4 

B 

3 

o 

m 

vO 

rs 

in 

cn  p 

cn 

P  CM 

•<!■ 

IS.  00 

P 

rs 

sd"  CM  so 

- 

a  x: 

3 

Ui 

3 

> 

O 

3 

CM 

o 

iH 

CM 

cn 

cn  cn 

m 

m  sd- 

S+ 

sd-  in 

si- 

m 

rs  m  m 

O  B 

3 

m 

3 

B 

3 

•P 

O 

o 

o 

o 

o 

o  o 

o 

o  o 

O 

O  o 

o 

o 

O  o  o 

p 

P 

3 

3 

3 

B 

• 

4-1  4-1 

1*4 

B 

3 

B 

o 

o 

tH 

3 

CO 

M 

CO 

3 

> 

B  3 

•r4 

•• 

O  B 

p 

B 

P  3 

B 

3 

1 

3 

• 

n| 

B 

to 

3 

3 

iP 

3 

• 

m 

cn 

m 

cn 

CM 

m  cn 

IS. 

lO  1*4 

cn 

CM  3 

CM 

o 

rs  o  O 

3  3 

3 

2 

-d- 

a 

O 

XJ 

3 

B 

cn 

cn 

cn 

cn 

sd- 

-d-  -d- 

m  m 

m 

in  in 

sO 

so 

m  so  so 

>  x: 

P 

O 

PM 

•H 

P 

O 

P  B 

P 

CD 

>^ 

w 

P4 

3 

3 

♦  • 

1*4 

to  p 

B 

•iiS 

x>  o 

1 

O 

3 

B 

O  4-1 

3 

3 

♦r4 

O 

>S 

o 

00 

00 

cn 

00 

r*^  iH 

o^ 

rs  rs 

rH 

P  CM 

cn 

cn 

sd-  ni  in 

• 

P 

A 

2 

3 

♦r4 

3 

fs- 

vO 

r< 

cn 

o 

CM  cn 

in 

<n  os 

CM 

cn  m 

r-4 

rH 

p  sd-  m 

>»  to 

3 

B 

Q 

cn 

3 

B 

3 

o 

o 

o 

o 

1*4 

1*4  1*4 

p 

t-4  tH 

CM 

CM  CM 

cn 

cn 

cn  cn  cn 

fH  ‘H 

B 

x 

Qd 

cc! 

3 

p 

3 

3 

O 

• 

o 

3  S 

B 

O  3 

r 

P 

C) 

IP 

43  >  cn 

O 

•r4 

s 

w 

3 

44  00 

r 

B 

p 

P 

O 

CM 

B 

3 

4-1 

O 

o 

o 

o 

o 

o 

o  o 

o 

o  o 

O 

o  o 

o 

o 

o  o  o 

3 

3 

CM 

O 

O 

f*4 

1*4 

t“4 

1—4 

1*4 

1^ 

f*4  1*4 

p 

1*4  rH  rH 

B  3 

r 

3 

§ 

>4 

3 

ceJ  ^ 

1—4 

P 

o 

P 

3  3 

3 

M 

•  • 

s  > 

IX 

£-4 

U 

DsJ 

< 

3 

3 

O 

r-4 

3 

1*4 

CM 

cn 

•d- 

in 

5 

7 

00 

CTi  o 

P 

CM  cn 

sd- 

in 

so  fs  oo 

o 

o 

P 

r*l  rH 

fH 

1*4 

^  rH  1*4 

p|n4| 

cn 

h4 

CO 

TABLE  Al.  MEDFORD,  OREGON  (continued) 


CO 


CM 


Ps 

cfl 

•tJ 


CO 

J2 

1^  o^ 

00 

CO 

o^ 

o^  00 

CO 

p^ 

in 

m 

CM 

m 

f-H 

p- 

vO 

p«. 

ON  CO 

C!N 

m 

ON 

CO 

O  mP  o 

CO  in 

00 

00 

p  p 

CO 

■u 

C 

vo  m 

in 

m 

in  <p 

CO  CM 

CM 

i-M 

fH 

rH 

rH 

CM 

CM 

CO 

CO 

CO 

CO 

CO  Ml-  MP 

in 

in 

vO 

p  p  00 

00  CO 

CO 

00 

00  00 

W 

<u 

H 

*  •  •  • 

So 

i-H  CM 

CO 

p«i. 

CM 

in 

p*. 

in 

ft 

CO 

ON 

vD 

rH 

CTN 

<y> 

fH 

00 

fH 

ON 

CO  ON 

rH 

in 

CM 

O 

CO  CO  00 

NO  CO 

o 

C3N 

p  m 

CO 

r«» 

r*. 

vO 

vO 

in  <p  *d- 

CO 

CO 

CO 

CM 

CM 

CO 

CO  Ml-  Ml- 

in  Mt 

Ml- 

CO 

CO 

CO 

CO  CO  CM 

CM  CM 

CM 

tH 

fH  tH 

C4 

TO 

o  o 

o 

O 

o 

o 

o  o 

o 

O 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o  o 

O 

o 

o 

c 

o  o  o 

o  o 

O 

o 

o  o 

• 

o 

c 

M 

•  •  •  « 

SO 

CM  o 

00 

in 

cy\ 

<r 

l-t 

CO 

in  MO 

vO 

cn  <p  CO 

vD 

o^ 

fH 

CM 

pv 

CO  00 

CM 

vD 

CO 

CO 

ON  o 

CO  Mp 

lO 

CO 

CM  mP 

cO 

00  O 

o 

iH 

CM 

CO 

in  \o 

vO  vO 

in 

<p 

CO 

fH 

o 

vO  <d- 

CM 

ON 

p*  mP 

CM 

ON 

p. 

in 

CM  tH  CON 

CO  P 

NO 

NO 

NO  NO 

T> 

<J-  <t. 

<)■ 

<f  Mh  <1- 

CO 

CO 

CO 

CO 

CM 

CM  CM 

CM 

fH 

rH 

iH 

rH  rH 

o  o 

o 

O 

o  o 

• 

O 

a 

M 

•  •  « « 

CO 

43 

CM 

o 

rH 

4J 

in 

rH 

<3^ 

CO 

r-1 

CM 

rH 

OO  CO 

rH 

o 

fH 

in  M^  Ml" 

in 

p» 

o 

ON 

CM  CO  in 

p  m 

in 

o  m 

0) 

H 

vO  lO 

m 

in 

vO 

m 

CO 

<h 

CM 

tH 

1*1 

r*l 

iH 

CM 

CO 

CO 

CO 

Ml- 

CO  CO 

mP 

in 

vD 

m 

vO  P  00 

P  00 

00 

C3N 

ON  00 

•  •  •• 

• 

Cti 

• 

CTi 

60 

O  "Cf 

p«» 

P^ 

v£> 

CM 

CTi 

00 

rH 

CM 

CM 

o> 

CM 

00 

CO 

vO 

vO 

iH 

o  o 

o 

ON 

mP 

pH  ON  ON 

iH  OO 

NO 

in 

tJD  CM 

o 

Q 

pN. 

r». 

00 

00 

o 

CTi 

CT» 

00 

(3N 

00 

00 

00 

00 

00 

00  00 

p. 

p* 

vO 

nD 

vo  m  -.d- 

in  Mp 

Mp 

mP 

Mp  Mp 

•  •  •• 

* 

• 

60 

vO  o 

00 

CM 

CO 

CM 

p* 

in 

o 

Ml- 

CM 

<!■ 

tH 

CO 

00 

<T> 

in 

CO  CO 

o 

vO 

in 

fH 

CO  P  tH 

CM  o 

00 

ON 

ON  NO 

00 

0) 

Q 

m  vD 

in 

vO 

\0 

vO 

vO 

vD 

P* 

p«. 

p. 

P- 

vO 

vO 

nD 

vO 

O  v£> 

vO 

m 

in 

m 

MP  MP  Mp 

MP  MP 

CO 

CO 

CO  CO 

SO 

CO 

CO  m 

CO 

00 

vD 

m 

CO 

rM 

in 

CO 

c^ 

00 

Ml- 

Cl 

o 

cyi 

vO 

O  CM 

CO 

CM 

fH 

m 

CO  CO  tH 

tH  00 

o 

NO 

tH 

TO 

rH  CO 

o 

CJ% 

m 

a\ 

vt 

CO 

CO 

rH 

00 

00 

vO 

rH 

iH 

ON 

in 

CO  CM 

ON 

in 

fH 

CM 

00  NO  Mp 

in  o 

CM 

p 

tH  00 

• 

in  vS- 

in 

in 

in 

MJ- 

m 

in 

in 

in 

m 

Mf- 

<J- 

Ml- 

•<J- 

CO 

CO 

CO  CO 

CM 

CM 

CM 

CM 

rH  rH  rH 

fH  rH 

fH 

o 

1-4  o 

a 

o 

••  •  • 

M 

>. 

(0 

fs.  CM 

vi> 

vO 

m  H* 

CO 

cn 

00  o 

CM 

<Ti 

00 

CPi 

00 

CO 

00 

CJN 

vO 

fH  C3N 

CM 

CO 

o 

m 

CO  On  CO 

fH  CO 

CM 

00 

CO  iH 

m  m 

CO 

CO 

<y» 

CO 

CTi 

o 

f-4 

o 

o 

o 

o 

vO 

CM 

rH 

ON 

ON 

tH  CM 

CM  Mp 

p 

fH 

P  Mp  nO 

ss 

mP 

CO 

CO  Mp 

« 

CM  CM 

CM 

CO 

CM 

CO 

CO  CO  <f 

Mt 

CO 

CO 

CO 

CM 

CM  rH 

fH 

iH 

tH 

O  O  O 

o 

o 

o  o 

a 

o 

M 

»•  •• 

so 

CO 

O  »H 

m 

CM 

CM 

1*1 

<*■ 

oo 

00 

CM 

vO 

C7i 

00 

CO 

p» 

p* 

in 

vO  00 

rH 

CM 

CM 

vO 

P  MP  Mp 

P  NO 

p 

CM 

CM  Mp 

T) 

?>» 

00 

vO 

r* 

in 

lO 

CO 

CO  «d- 

Mt 

CM 

CM 

CM 

CO 

CM 

CO 

in  Ml-  m 

m  sd- 

tH 

CO 

CO  CO  CM 

CO  iH 

CM 

pH 

CM  tH 

in 

• 

o  o 

O 

o 

O 

o 

o 

o 

O 

O 

o 

O 

O 

O 

o 

o 

O 

o 

o 

O  O 

o 

o 

o 

O 

o  o  o 

o  o 

O 

o 

o  o 

fl 

o 

l-l 

«-icocovocM^<3>cococM<j‘<MeMir>eMr^or^i-<tninr-4<i'inMfi-<Mtooo>r^ooo<T»Mf 

vOvDv£)voovDvovor^r^r^i^i>.i^i^vOf^vO\OvDvooioir>miri«J<ocococococMcn 


in 

Mp 

CM 

00 

ON 

fH 

O 

NO 

m 

o\ 

00 

iH 

00 

C7N 

C3N 

NO 

ON 

<1* 

m 

o 

p 

00 

NO 

in 

NO 

nO 

Mp 

fH 

NO 

p 

00 

m  1 

p 

ON 

o 

CM 

o 

CM 

vO 

MP 

p 

NO 

NO 

m 

CO 

CO 

O 

NO 

NO 

CO 

C3N 

ON 

NO 

CO 

ON 

00 

NO 

MP 

rH 

C3N 

00 

p 

p 

in 

m  ’ 

CO 

o 

CO 

Mp 

Mp 

Mp 

MP 

Mp 

MP 

mP 

Mp 

Mp 

Mp 

Mp 

MP 

MP 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

fH 

rH 

pH 

pH 

iH 

O 

o 

o 

o 

o 

O  1 

OOOOO^C3^0^C0  00  00Cf^0^000^CS^0^C^>C5^0^CJ^CJ^C5^0^0^0^0^0^O^Cy»CJ^OOOO 


C^>0»-I^MfO^;^l^lvOt^OOO^Ot-^CMcO■<^•msO^^OOO^OI-^CMCO•<^m^O^<.OOO^Or-leM 
CMCMCMCMeMCMCMCMCMfOfOCO<0<OCOCOCOCOCO<^*C^«C^•<t•<^'v^<i•<(•*d■<l•l^lnlrt 


CM 


065 


t'l 

o 

Cm 


CO 

a 

• 

« 

C) 

a 

a 

M 

o 

0 

O 

a 

o 

iM 

e\ 

a 

a 

P2 

a 

o 

•r4 

a 

4J 

a 

X) 

a 

a 

a 

•"M 

}M 

r"^ 

aJ 

3 

u 

a 

PO 

a 

u 

f-! 

a. 

a 

a 

r'M 

42 

Q 

4J 

•r4 

a 

ro 

a 

a 

to 

0: 

> 

O 

a 

CM 

• 

h-k 

M** 

t4M 

oo 

4J 

O 

• 

;m 

o 

4J 

42 

a 

0 

CO 

a 

o 

c; 

j,j 

5  ; 

':-i 

0 

iu 

•a 

•iM 

a 

4J 

*\ 

a 

a 

k-». 

•H 

"H 

t} 

It 

k  ’ 

4J 

*-,‘i 

4::i 

i  ■; 

f-J 

O 

• 

o 

O 

J-'i 

4J 

4'  < 

0 

a 

0 

C.» 

5m 

a 

a 

0 

o 

> 

3 

a 

C\ 

0 

M 

C'.' 

u^ 

o 

44 

W 

1 1 

!1 

•XJ 

a 

>0 

3 

•H 

1 

f'l 

o 

o 

a 

f-M 

a 

wj 

4-' 

o 

42 

a 

44 

»-4 

a 

Cvl 

a 

*44 

-•  J 

M-I 

a 

O 

o 

C 

a 

4J 

n 

-a 

42 

>^ 

t.i 

a 

60 

T~1 

'i 

a 

•H 

*r'i 

to 

a 

■a 

A 

42 

■x; 

w 

a 

a 

V-l 

JM 

42 

o 

4> 

3 

44 

a 

4J 

f' 

a 

a 

a 

C  j 

•■1 

u 

lO 

C 

a 

to 

.■4 

r 

Cl 

a 

0 

>* 

1"* 

b 

a 

i-M 

t-r* 

4.) 

o 

*r-! 

r^ 

o  o 

CD  Om 
£s  P.’ 

I'  > 

0  (U 


r-H  ^ 

<1  B 


-  ^ 
g 

3  ^ 
2  a 

iH  CU 

t-1  ta 
a 

0  W 

a 

M  o 
a  "H 
0)  u 

n  ^ 

'~J  QJ 


^  i3  W 


{ '] 
f'-i 
C4 

t-J 


a> 

<u 

M-l 

o 

00 

cn 


c 

o 

•H 

■U 

a 


> 

d) 

i-i 


<U 

■TJ 

3 

U 

•H 

•U 

CO 

1-3 


§ 

a 


o 

cn 


> 

H 

l-t 

o 

O 

M 

Pm 


H 

<3 


o 

o 

►J 


CVJl 

T2  5-1 

n  fa 

3  a 

rM 

o  > 

N-^  Q) 

rM  O 

6 

C3  O 

..  6C 

a 

•rl 

•TO 

/-s  > 

SM  I  c 

CM  o 

a  -H  o 

.-M  0 

T)  >  -H 

a  a  44 

a  TJ  a 

a 

44 

a 

CO 

..  s 

1 

1 

»M 

•H  a 

/-N  3 

TO  o 

I— 1  o 

a  tm 

t-M  pn 

02  44 

%««/ 

a 

•  •• 

I 

a 

T)  Sm 

o  a 

3  a 

rH  d) 

o  > 

s 

rM  O 

CJ  O 

• 

..  & 

0 

• 

a 

a  >i  • 

44 

a  a  0- 

ON 

a  B  a 

a 

S  a 

a 

44 

a 

0 

1 

M  a 

a  a  V4 

CO  44 

a  CM  3 

w  C) 

a  0  +J 

a 

S  a  a 

& 

44 

0  1 

3  -H  a 

0  '3  O 

•H  dJ  *H 

V.^ 

«  H  44 

a  a 

S 

•  •  CO 

a 

0  1  a 

44 

3  -r)  O 

^  o 

0  '3  -H 

CD  44 

•iM  3  w 

a  5m  3 

> 

•H 

rH 

•H 

..  a 

#  •  » a  •  a 

a) 

-3 

CM 

5m  t  a 

^  o 

3  -rl  O 

in 

-3  >  -H 

N-'  CO 

a  a  44 

a 

a  *3  3 

3 

44 

t-i 

CO 

..  a 

> 

t  a  • 

/~c  a 

00  r-l  '3 

<}•  a 

O  43  3 

Q) 

Pm  -H  5M 

B 

CO 

>• 

rH 

1 

44 

•rl  d 

a 

*3  o 

cn  a 

3  “H 

w  ^ 

PS  44 

3 

CO 

xi 

54 

MM  5m 

a 

o  o 

CM  a 

o 

a 

5m 

u 

44 

/~s  a 

a 

rH 

a 

o 

CO 

(0 

42 

44 

C 

<u 

H 


to 

TJ 


« 

c 

H 


a 

'O 


a 

w 


CO 

42 

4J 

a 

<u 

H 


Pt4 

60 

0) 

Q 


CO 

a 

Q 


a 

TO 


a 

M 


a 

TO 


a 

'O 


a 

M 


CO| 

• 

4J 

O 

PM 


a 

■XJ 

s 

a 

M 


in 

ON 

r- 

vO 

vO 

in 

m 

p- 

I— 4 

ON 

00 

CTN 

pA 

00 

Ps 

VO 

vO 

vO 

vO 

o 

vO 

vO 

vO 

NO 

NO 

lO 

p^ 

VO 

vO 

NO 

vO 

vO 

NO 

CM 

in 

a 

CO 

vO 

r— 4 

CM 

cn 

CM 

1—4 

O 

00 

o 

CM 

O 

CM 

vO 

A-r 

in 

^4 

PS 

f-l 

1—4 

CM 

CM 

CM 

CM 

CM 

CM 

cn 

cn 

S.-1- 

A+ 

A-f 

in 

vO 

Ps 

a 

o 

o 

o 

O 

o 

O 

O 

O 

o 

o 

o 

O 

O 

o 

O 

o 

O 

o 

a 

o 

>44 

O 

a 

a 

Si 

vD 

NO 

Mt 

C3N 

Mf 

Mt 

cn 

CM 

m 

<t 

00 

vO 

CM 

00 

1—1 

o 

cn 

1—4 

CM 

cn 

•ct 

VO 

00 

o 

CM 

-si- 

in 

P-. 

00 

O 

CM 

CM 

cn 

v1- 

s3- 

0 

rM 

tH 

1—4 

I— 4 

CM 

CM 

CM 

CM 

CM 

CM 

cn 

cn 

cn 

cn 

cn 

cn 

a 

O 

M2 

4.1 

• 

5M 

a 

a 

•iM 

a 

o 

CM 

in 

o 

ON 

cn 

00 

Mt 

CTN 

o 

CO 

ON 

rM 

vO 

iH 

sd- 

in 

CO 

a 

?>N 

\0 

n- 

VO 

n* 

vO 

NO 

vO 

VO 

vO 

vO 

vO 

vO 

pA. 

pA 

vO 

vO 

pA 

vO 

3 

a 

1—4 

M2 

a 

4J 

> 

MM 

a 

O 

ON 

1—4 

00 

cn 

r>. 

00 

PA 

vO 

CM 

1—4 

ON 

cn 

CM 

vO 

ON 

NO 

O 

4J 

a 

cn 

•3- 

CM 

cn 

cn 

cn 

CO 

on 

cn 

<1* 

<!■ 

<3- 

in 

in 

in 

m 

in 

vO 

o 

1—4 

CO 

• 

o 

rb 

3 

TT 

n- 

00 

00 

1—4 

vO 

in 

vO 

vO 

1—4 

o 

o 

o 

cn 

vO 

in 

ON 

PS 

a 

CM 

CM 

?— 4 

CM 

CM 

CM 

CM 

CM 

CM 

cn 

cn 

cn 

•sT 

Ml- 

*cT 

<3- 

Ml- 

a 

Cj 

a 

5 

a 

•3 

5m 

3 

a 

4J 

•H 

•cf 

CO 

rM 

Mt 

vO 

cn 

o 

00 

ON 

1—4 

Ai- 

CO 

O 

pA 

o 

4J 

•Ct" 

Ml- 

00 

O 

o 

CM 

Mt 

00 

o 

cn 

<1- 

in 

m 

fA. 

rH 

in 

• 

a 

a 

r-l 

1—4 

f— 4 

CM 

CM 

CM 

CM 

CM 

cn 

on 

cn 

cn 

cn 

cn 

A-t 

Mt- 

Mj- 

4-) 

t*4 

a 

5m 

o 

m 

O 

a 

a 

MM 

a 

3 

> 

a 

A 

PS 

60 

CO 

O 

a 

in 

cr» 

1—4 

cn 

n- 

in 

cn 

CM 

vO 

in 

1— 1 

rH 

vO 

m 

<t 

4M 

a 

54 

ON 

ON 

o 

1—4 

o 

m 

vO 

ON 

NO 

1—4 

o 

CD 

rH 

vO 

ON 

vO 

mT 

cn 

5 

C 

o 

o 

»— 4 

1—1 

f— 4 

f— 4 

T— 4 

1—4 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

a 

MM 

a 

54 

o 

•rl 

a 

a 

p-4 

o 

a 

o 

•r4 

3 

a 

4-1 

a 

a 

a 

•H 

m 

CM 

CM 

Mt- 

ON 

r- 

00 

1—1 

o 

1—4 

CM 

00 

ns 

cn 

CTN 

Ml 

a  -c 

3 

1—4 

CM 

cn 

T— 1 

r-M 

rM 

cn 

cn 

in 

cn 

cn 

cn 

in 

in 

pA 

o 

4J 

cd 

o 

o 

O 

O 

O 

O 

O 

O 

o 

o 

o 

O 

o 

O 

o 

o 

O 

o 

5m 

54 

MM 

MM 

o 

O 

a 

a 

a 

no 

•H 

o 

a 

5m 

•H 

a 

4J 

4.) 

a 

-a- 

rH 

cn 

in 

1—4 

r- 

-si- 

f— 4 

NO 

P-. 

m 

Mt 

in 

CM 

m 

CM 

00 

•3- 

a 

a 

a 

vO 

vO 

vO 

vO 

vO 

vD 

NO 

NO 

vO 

vO 

VO 

vO 

vO 

vO 

vO 

m 

in 

> 

M2 

54 

4M 

u 

a 

a 

a 

5m 

4J 

M3 

O 

1 

O 

MM 

a 

m 

m 

ON 

in 

r- 

vO 

fM, 

tn 

00 

f— 4 

cn 

CTN 

CM 

pA 

PA 

CM 

pA 

CTN 

• 

54 

f— 4 

CM 

<1- 

!-« 

00 

CM 

CM 

m 

vO 

Pa 

O 

o 

cn 

CM 

5>n 

a 

u 

4J 

rH 

1—4 

r— 1 

r— 4 

1—4 

1—4 

T— 4 

CM 

CM 

CM 

CM 

CM 

cn 

cn 

cn 

cn 

cn 

cn 

rM 

♦H 

4M 

54 

a 

a 

o 

3 

a 

O 

a 

«  MM 

M2 

> 

cn 

o 

•rl 

MM 

60 

4-) 

0 

CM 

a 

<3N 

CTN 

ON 

CTN 

ON 

CTN 

ON 

CTN 

ON 

CTn 

CTN 

ON 

ON 

CTN 

CTN 

CTN 

ON 

CTN 

a 

a 

a 

3 

tj 

a 

1—4 

1—4 

cl 

a 

a 

O 

S  > 

CM 

cn 

in 

vO 

tM, 

00 

CTN 

o 

1—4 

CM 

cn 

in 

vO 

pA 

00 

1—4 

rM 

rM 

i-M 

rM 

1—4 

1^ 

rH 

rM|  CMi 

cn| 

TABLE  Al.  RAPID  CITY,  SOUTH  DAKOTA  (continued) 
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TABLE  Al. “"Weekly  mean  values  of  daily  total  solar  and  sky  radiation  (short  wave)  expressed  in  inches  per 
day  evaporation  equivalent  (1  gram  of  water  =  590  calories),  percent  of  possible  radiation,  mean 
and  mean  maximum  temperatures,  and  mean  cloud  cover.  Obtained  from  U.  S.  Weather  Bureau  Records. 
Elevations  generally  are  the  height  of  the  instruments. 
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table  Ale  BROWNSVILLE,  TEXAS  (continued) 


CO 


CM 


ca 


CTi 


CO 


vO 


m 


CO 


CM 


w 

c 

o 

H 


(X) 

W) 

a) 

Q 


|X( 

ci) 

cu 

Q 


ca 

T3 


c 

M 


ca 

-o 


ca 

03 


ca 

03 


ca 

'O 


vOLTiLoininiJOvOLO^i- 

OOOOOOOOOOOOCDCOOO 

d . »  „ 


uouoir)uoN;t-v^Lnin\£)uo<h<f 

oooooooooo 


f-H 

CO 

CM 

r>. 

C3N 

CTS 

o 

CM 

• 

*» 

• 

• 

• 

• 

« 

• 

o 

vO 

M3 

10 

m 

m 

VO 

vO 

00 

00 

C3> 

CO 

m 

CO 

<3v 

O 

CO 

CO 

CO 

va- 

Ml- 

vt 

Ml- 

in 

o 

o 

o 

o 

o 

o 

O 

o 

coo^^^ooI-^0'^)co 
vor^cOcyiOOOO 

CO  CO  ro  CO  <}• 


'Ct'Ct<t<f-<J-<J-<}-<)-COCOCOCOCOCOCOCOCMCMCMCMCMCMr^I-iS 


00 


th  CO 
1^  t>. 


■^^<=^<»'f^'^0''--''^coo^<>JcoinfoinocMinvoorv.vDr-ico 

■o  in  uo  ^  in  ^  ^  ^  CO*  d  d  d  d  d  <;  d  d  d  d  d  d  d  d  d  d  d  d  d  d 


SSSggSSs:s:SS«SSaS!S!SSSSB«SSSKSSSS$5g 


ssssssssssasssssasssggKssKsgsgsKss 


aS8g5SaSRSKSgSg5£§K2C<SgS;a2^0-»<f°'°'<f- 
ggO".  2g2'^""'^'''^"^SS°aSS3S2S33S!ao3gS2 

o  c  ,  .  . . .  . . w  ^ 


°  °  °  °  °  °  °  o  o  o  o  S  ^  8  S  d  d  S  S  8  §  S  g  s  2  g  s  g  S  g  g  s 


SRS2SS§3SSgSS5SSgSSa2ggffigSsga§SSS3 


cococo^d■»^t■^+co  +  ^S^'3l'^'^S<J'<J'^'^>^c^oooor^vOi-H 
.  .  .^^'^^'^'^^<l‘'a’<f'a-COcOCOCMCOCOCOCMCMCMCMCM 


oococor«.mN;}-Oco 

<3NooovooocyNOO<f 

'-Hr-lCMr— tr— li— li— It— I 


oooco««>oo^coco«ocoo^roo^c^ct.o^o^^cr,o^o^o^c^c!^o^oocococoa)a;co 


sSf::sag:asRgsgRgs^ggp;gg§5g555;g555o-.5j 


lOvOOvDvOvDinovOLnLnLni^^^'*'^^'^^ 


0) 

^  E 

CO  O 
(U  !-< 

x:  '+^ 
o 

c  'a 
•H  <u 

c 


TS  43 
(U  O 
CO 
CO 

0)  o 

M  U 
PL.  CU 

X  ?» 
QJ  O 
O 


O  'O 
J>  pi 
c3  O  - 
15  r-i  43 
O  -U 


<U 


;J 

Pi 

O 

43 

CO 


P!  LW 
CO  O 
(U 

B  ^ 

43 


na  60 

C  C  -fi 
o  to  0) 
<H  43 

tJ  «v 

cO  CD 

•H  CO  40 

a  CU  u 

CO  'H 
Pi  Pi  <U 
O  Pi 
t-i  cO 
44  cO 
CO  o  >. 


na  O  r-l 
C:  (T>  cO 
cO  in  Pi 


Pi  II 
cO 


Pi 

O  CU 
CO  44 
CO 

n  ® 

44  C4-I 

O  O 

44 

^  e 

CO 

Pi  ta 

60 


CO 

C 

O 

•rl 

44 

CO 

> 

CU 

T-l 


•P-! 

CO 

na  .— I  • 

v-."  CO 
IW  TO 
O  44  Pi 

p:  o 

CO  a  tj 
a  r-i  a 
3  CO  (04 

r-l  > 

CO  -rl  3 

>  PJ  lO 
CO  QJ 
3  CU  Pi 
3 

m 


CU  3 

E  O 

•rl  Pi 
44  3 
r4  3  43 

44  Pi  44 

3  0  3 
3  (3-  3 
12  3  ;s 
5  > 

S  3  o 
o  CP 

^  Pn 

<3  3  » 

T3  £3 
W 
1-3 
« 

<4 


CP 


CM 


— ifMeninoooo<t<i'000'-nciOc7ir-ir-im.cncn 
l-l^^^r-ICMCMCMCMCMCMcncOC^lonoOCPir) 


4j  cMt— ^<^C7^co^o^^^^^~ocM<3^m<J■CJ^C3cnvo 

3  un\^v»3voocninoinvciLO<i'm<)'in<Ovom 


CO 


vO 


m 


CM 


r-icn\.oor~incocnpr»r'COT™!L‘"oocxooi^'45 
Lnm<tcpinocy\CMi— inn'-a'cncMincoinr^ 

CM  m  CM  CM  CM  fO  CM  CO  CO  c'O  CO  'd'  cn  <i-  <r  <r  -vi 


cocomcococMcooo'O'.  a^cMr^o^^c^^ 

OC)0(X)\Ot^<i''43ina'vOCrNt— IvDi^COi'-C’OCM 
S0000Sr-lr-l.-lr-ir-ICMCMCMCMr-lr~ltM 


<r.or-.r4coc7ir-iair^r^cjoninoo^^^co 

i^r^vOt^cOr-icMOMl-mi^^in^cM^nj^ 

^^.-t^r-ICMCMCMCMCMCMCOCMCOCOCOCC-jCO 


OOOC?^CJ^C3^C3^C7>OOOOC3^r-lr-lr-^ 
_ I  I— I  — li— t— It— 1  rHr“^r-l 


rHCMco<j-cnvOi^cocyiOr-icMco-<i-Ln\£)r^^ 

r— '  I  r-l  I— I  r-l  t-l  r-t  T— I  t— I 


CM 

m 

M 

44 

3 

3 


44 

o 

3 

3 

3 

s 


44 

CO 

•r^ 

3 

3 

3 

3 

43 

44 


3 

C 

p! 

3 

t— 1 

C 

44 

r/j 

3 

f4 

CO 

O 

p. 

3 

'44 

CO 

O 

■3 

14 

3 

0 

t> 

CO 

Pi 

•rl 

3 

!4 

r-l 

3 

0 

3 

CO 

to 

3 

E 

43 

o 

■  J 

44 

C' 

of 

3 

TO 

O 

3 

•rl 

44 

C- 

Cu 

3 

> 

43 

P-l 

3 

44 

03 

1-4 

43 

0 

O 

4-1 

Po 

C3 

U 

r-l 

•r4 

44 

Pi 

3 

3 

3 

o 

0 

r- 

i3 

> 

•r' 

C'l 

4-1 

60 

#v 

O 

0 

CM 

3 

3 

3 

t— 1 

r4 

3 

3 

s 

> 

1  t — I  \ 

TABLE  AL  FO.IT  WORTH,  TEXAS  (continued) 


w 

m 

<i- 

O 

cn 

on 

vO 

in 

on 

r-l 

CM 

t— 1 

CJn 

un 

on 

cn 

CM 

on 

un 

con 

on 

O 

I— 4 

MO 

MO 

d 

m 

1—4 

CM 

cn 

M) 

c 

<D 

m 

m 

Lf5 

cn 

on 

cn 

cn 

<}• 

'd- 

cn 

cn 

cn 

cn 

on 

on 

cn 

cn 

cn 

cn 

cn 

on 

•d" 

'd' 

d 

d 

d 

d 

d 

un 

un 

un 

un 

.. 

H 

cO 

y*^ 

X) 

OJ 

« 

C 

..  .. 

M 

cO 

r-l 

un 

CM 

cn 

CM 

o 

cn 

f'' 

CM 

O 

oo 

1—4 

r— I 

v1’ 

f" 

0" 

con 

1—4 

cn 

MO 

(—4 

(On 

O 

d 

CM 

MO 

m 

o 

on 

00 

T3 

00 

O 

CM 

cn 

cn 

on 

CM 

CM 

CM 

T— l 

1—4 

T— 1 

o 

00 

in 

cn 

cn 

C3n 

on 

un 

T— 4 

1—4 

o 

on 

00 

MO 

M5 

on 

on 

<t 

<f- 

<}• 

<1* 

<}■ 

<)■ 

Nd" 

>d- 

'd- 

<)• 

d" 

on 

on 

cn 

cn 

cn 

CSJ 

CM 

Osl 

CM 

CM 

CM 

CM 

CM 

T— 4 

1—4 

f— 4 

r— 4 

1—4 

1—4 

C 

• 

M 

05 

O 

•U 

vO 

CO 

CM 

<jn 

rH 

CM 

un 

MO 

on 

on 

r» 

O 

MS- 

■d- 

on 

CM 

on 

CM 

on 

I— 1 

o 

'd- 

CM 

CM 

CM 

on 

cn 

o 

un 

(On 

CO 

on 

00 

c 

ff 

c 

•w 

QJ 

tn 

un 

un 

<i* 

cn 

cn 

cn 

on 

<1- 

-d- 

on 

cn 

o^o 

cn 

cn 

cn 

on 

'd- 

d- 

cn 

cn 

d 

un 

cn 

un 

d 

d 

MO 

d 

..  .. 

H 

Cl4 

»» 

00 

(U 

..  .. 

Q 

o 

CO 

00 

<u 

Q 

CM 

CM 

CO 

on 

vf 

CO 

CO 

MO 

MO 

MO 

o 

un 

un 

MO 

<Xl 

on 

O 

un 

con 

on 

r— 4 

CvJ 

vt 

1—4 

r— 1 

on 

MO 

« 

\o 

vo 

on 

cn 

rH 

o 

CM 

o 

CM 

r-l 

t— 1 

CJn 

MO 

vO 

CJn 

cn 

d- 

CM 

d- 

o 

on 

cn 

MO 

MO 

1—4 

un 

00 

cn 

t— 4 

cn 

O'- 

CM 

<!• 

<^ 

un 

un 

m 

un 

tn 

un 

in 

un 

<t 

<>• 

•d- 

Ml- 

d- 

d- 

<*■ 

'd- 

'd- 

cn 

cn 

cn 

on 

on 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

r— 4 

CM 

c 

c 

• 

..  .. 

M 

>» 

cd 

r*^ 

un 

<1- 

o 

un 

I— 1 

CM 

un 

in 

cn 

un 

T— 4 

T— 4 

con 

mO 

C?n 

00 

cn 

CM 

on 

CM 

un 

CM 

cn 

on 

cn 

cn 

un 

CM 

TO 

m 

a\ 

on 

un 

un 

r** 

\0 

vn- 

on 

<1- 

t— i 

00 

un 

MO 

o 

rH 

O'. 

00 

on 

MO 

00 

i.n 

o 

MO 

CM 

cn 

CM 

cn 

CM 

on 

con 

cn 

vO 

OM 

<M 

CM 

cn 

cn 

on 

cn 

cn 

CM 

CM 

on 

on 

cn 

cn 

cn 

cn 

CM 

CM 

1—4 

CM 

f— 1 

r-4 

CM 

1— ^ 

r-l 

r— 4 

1—4 

T— 4 

1—4 

1—4 

O 

1^ 

s.-/ 

G 

•  •  •  ♦ 

t-t 

G 

03 

m 

• 

C 

..  .. 

M 

•U 

<j- 

o 

s«^ 

Ph 

CO 

CNJ 

o 

MO 

cn 

cn 

o 

con 

Mf- 

CJn 

MO 

d- 

MO 

on 

O 

on 

t". 

O 

M) 

cn 

on 

o 

O 

o 

MO 

un 

d 

CM 

un 

on 

o 

y^ 

un 

on 

CM 

CM 

un 

CM 

<1- 

cn 

cn 

on 

CM 

f— 1 

f— 1 

r— 4 

C3N 

O'. 

MO 

un 

1—4 

i-l 

on 

cx> 

r— 4 

on 

con 

O 

00 

CO 

un 

00 

cn 

cn 

on 

<i- 

o- 

■d- 

•d- 

'd‘ 

<1- 

on 

Mt 

d" 

d" 

cn 

cn 

on 

cn 

on 

on 

CM 

CM 

CM 

CM 

CM 

CM 

i-l 

CM 

T— 1 

r-t 

r-l 

I-l 

r-l 

• 

o 

G 

•  0  •• 

H 

/*\ 

CM 

rH 

rH 

r™1 

r"l 

I—! 

r-H 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

con 

O 

o 

con 

o 

o 

00 

CO 

CO 

00 

T~l 

rH 

rH 

T— i 

r— 1 

rH 

r-l 

t— 4 

r— 1 

t— 4 

r— 4 

1—4 

1—4 

T— 1 

1—4 

r— 4 

1—4 

f— 4 

1—4 

1—4 

1—4 

1—4 

T— 1 

y— \ 

CM 

CO 

cr\ 

o 

rH 

on 

O’ 

in 

MO 

r«- 

cjn 

O 

r— 1 

CM 

cn 

d- 

un 

00 

cr. 

o 

1—4 

CM 

cn 

d 

un 

MO 

00 

cm 

O 

t— 1 

oi 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

on 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

d" 

d- 

'd- 

d 

d 

d 

d 

d 

d 

un 

un 

un 

1 

TABLE  A1 1  ““Wsslcly  inssn  VctluGS  of  dsily  totsl  solsir  snd  slcy  irci>aiat'i.oii  (short  wsvc)  exprsssGd  in  inches  per 
day  evaporation  equivalent  (1  gram  of  water  =  590  calories) ,  percent  of  possiole  radiation,  mean 
and  mean  maximum  temperatures,  and  mean  cloud  cover.  Obtained  from  U.  S.  Weather  Bureau  Records, 
Elevations  generally  are  the  height  of  the  instruments. 
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TABTi'-i  Al. —Waalc/'.y  mean  ■"ilvec  of  daily  total  solar  and  c!cy  radi-tion  (short  vrave)  expressed  in  inches  per 
day  evaporation  equivalent  (1  gram  of  water  =  590  calories),  percent  of  possible  radiation,  mean 
and  mean  maximum  temperatures,  and  mean  cloud  cover.  Obtained  from  Uo  S«  Weather  Bureau  Records. 
Elevations  generally  are  the  height  of  the  instruments. 
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ra-terrcctrial  radiation  for  given  latitude  and  season  of  the  year. 


TAB7.E  Al.  LAI'TDER,  WYOMING  (continued) 
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TABLE  A? .  "-Sumu'^rv  of  mean  valuec  of  monthly  total  solar  g.nd  sky  radjr.tion 

(sho rt  wava)  eKprressed  in  inches  evaporation  equivalp-nt  (1  gram  water  =  590 

calories) .  Computed  from  weekly  mean  values  obtained  from  U,  Weather 
Bureau  records.  Elevations  generally  are  the  height  of  the  instruments 


LOCATION: 

Lat7.tude: 

PHOENi:^,  ARIZONA 
33°  26  N.  -  Elev. 

:  1139 

feat 

LOCATION :  DAVIS , , CALIFORNIA 
Latitude:  33°  32  N,  -  Elev, 

:  50  ft. 

MONTH 

: Length:  Av.  : 
:  of  :  evap.  : 
: record:  equiv.: 

Std.  '  .  . 

,  :  Minimum: 

dev.  . 

Maximum 

Length: 

of  : 
record: 

Av. 

evap. 

equiv. 

Std,  ’  .  , 

:  :Miminum; 

:  : 

Maximum 

Years  Inches 

Inches 

Inches 

Inches 

Years 

Inches 

Inches 

Inches 

Inches 

Jan. 

9 

6.2C 

O^Cl 

4>93 

7.03 

9 

3.33 

0,52 

2,38 

4,23 

Feb. 

9 

7.64 

.67 

6.60 

8.50 

8 

4. 35 

1,01 

3,49 

6.44 

Mar. 

9 

11.02 

.62 

10,34 

11.91 

8 

8,40 

,79 

7.13 

9o22 

Apr. 

9 

13.16 

.58 

12.52 

13.88 

9 

10,77 

.67 

9.53 

11.45 

May 

9 

15.17 

.50 

14.49 

15.99 

9 

13.32 

.71 

12.09 

13,99 

June 

8 

14.93 

.59 

14.32 

15.94 

8 

14.31 

.57 

13.30 

15.00 

July 

9 

13.80 

.59 

12.77 

14,72 

9 

14.43 

.37 

13.87 

15,13 

Aug. 

9 

12.78 

.55 

12.05 

13.35 

9 

12,91 

.19 

12,60 

13,22 

Cept. 

9 

11.41 

.57 

10,48 

12,35 

9 

10.08 

.30 

9,43 

10,47 

Oat. 

8 

9,-26 

.85 

7.69 

10.21 

8 

7.23 

,'0 

6.24 

7 . 39 

8 

6.91 

,40 

6.14 

7,48 

8 

4,32 

.  '9 

3.07 

5,63 

T'  o 

9 

5,93 

.15 

4,94 

6.46 

7 

3.15 

2,15 

.  36 

LOaATION: 

FRESNO,  CA 

LIFOilNIA 

LOCAT 

ION :  G 

RAND  JUNCTIGil,  COLORADC 

Latitude: 

360  4(5« 

-  Elev. 

:  362 

ft. 

Latitude:  3 

4^  07  N. 

-  Elev. : 

A9V8  ft 

Jan. 

9 

3.86 

0,63 

2.75 

4.67 

9 

4.90 

0.42 

4.43 

5,89 

Feb . 

9 

5.49 

1,0'' 

4.81 

7.43 

9 

6.13 

,70 

5.04 

6,89 

Mar. 

9 

9.10 

1,01 

7.77 

11.00 

8 

9,11 

1,22 

7.2? 

11,27 

Apr, 

9 

10,90 

.76 

10.18 

12,48 

3 

iO.75 

1,05 

9. 33 

12.25 

I^Iay 

9 

12.93 

1,0' 

11.63 

14.62 

6 

12,62 

.97 

11,55 

14.39 

June 

8 

14.04 

lo21 

12.53 

15.81 

6 

14.20 

.62 

13.30 

15.08 

July 

9 

13.81 

1.35 

11,61 

15.93 

7 

14,02 

.89 

12,39 

15.33 

Aug. 

9 

12.66 

1 . 20 

11,11 

14.58 

7 

12.55 

.77 

11.15 

13.30 

Sept, 

9 

10.36 

1.04 

8.85 

11.90 

6 

10.22 

.85 

8.74 

11.17 

Oct. 

A 

7.94 

,91 

6.88 

9.18 

8 

7.85 

1.02 

5.C6 

9,24 

Nov. 

9 

5,03 

,54 

4.13 

5.36 

9 

5.31 

.43 

4.49 

5.94 

Bsc. 

9 

3,. 56 

/;/. 
n  r 

2.78 

4.67 

9 

4,45 

.  38 

3.83 

4,91 

LOCATION: 

BOISE , , lOA 

so 

LOCxAT 

ICN:  B 

CDCE  CITY 

,  KANJAS 

Latitude: 

43°  34  N, 

■’  Elev, 

:  2S95 

feet 

Latit 

uds:  37°  46  N. 

“  Elev. 

;2525  ft 

Jan. 

7 

2.97 

0,52 

2.36 

3.83 

8 

5.42 

0,63 

4.51 

6.43 

Feb. 

7 

4.24 

.67 

3.51 

5.48 

8 

6.14 

.84 

5.07 

7.27 

Mar. 

8 

7.09 

,57 

6.46 

7.92 

8 

8.66 

1.30 

6.41 

10.56 

Apr. 

8 

9.63 

.65 

8.35 

10.24 

8 

10,60 

1.38 

8,C4 

11.91 

May 

9 

12.04 

.70 

11.08 

13.04 

8 

li,32 

,97 

10.25 

12,92 

June 

8 

12.96 

1.03 

11.35 

14,53 

7 

13.24 

.73 

12.23 

14,17 

July 

9 

13.86 

.67 

12.91 

14.86 

9 

13.43 

1.11 

12,29 

15.39 

Aug. 

9 

12.09 

,54 

11.50 

13.13 

8 

12,42 

.83 

11.65 

14,::6 

Sept. 

9 

9.29 

.67 

8.14 

10,22 

8 

10.15 

.86 

9.03 

1 '  7  i 

Oct. 

9 

6 . 36 

.81 

5.13 

7.89 

8 

7.93 

1.18 

5.55 

9.16 

r^Q*v  # 

8 

3.64 

.65 

2.67 

4.56 

8 

5.77 

.63 

4.53 

6.3:- 

Dec. 

9 

2.64 

.47 

1,85 

3.22 

8 

4.96 

.33 

4.31 

5.16 

TABLE  A2 . — Continued 


LOCATION: 

Latitude: 

GLASGOT/,  MONTANA 
48°  13  N.  -  Elev. 

:  2294 

feet 

LOCATION:  GREAT  IfALLS,  MONTAM 
Latitude:  47°  29  N. “  Elev.:  3692  ft 

; 

Length;  Av.  : 

Std,  • 

; 

Length: 

Av.  : 

S  td. 

MONTH: 

of 

:  evap .  : 

dev.  : Minimum: 

Maximum 

of  : 

evap.  : 

dev. 

Minimum 

;  Maximum 

; 

record:  equiv.: 

% 

record: 

equiv. : 

Years  Inches 

Inches 

Inches 

Inches 

Years 

Inches 

Inches 

Inches 

Inches 

Jan. 

6 

3.18 

0.31 

2.61 

3.37  ’ 

7 

2.92 

0.41 

2.43 

3.49 

Feb. 

6 

4.80 

.27 

4,40 

5,21 

7 

4.45 

.47 

3.90 

5.25 

Mar. 

5 

8.07 

.39 

7.74 

8.73 

6 

7,34 

.56 

6,66 

8.01 

Apr. 

5 

9.46 

.55 

9.01 

10.39 

7 

8,86 

.59 

7.91 

9.64 

May 

6 

11.33 

.79 

10.60 

13.34 

7 

10.85 

.76 

9.92 

12.30 

June 

4 

11.98 

.38 

11.71 

12.53 

7 

11,93 

,78 

10.80 

13.19 

July 

3 

12.71 

.19 

12.57 

12.92 

5 

12,74 

1.38 

11.08 

14.12 

Aug. 

7 

11.52 

.92 

10,63 

12.77 

7 

11.53 

.76 

10.78 

12.72 

Sept. 

8 

8.07 

.69 

7.05 

9.41 

7 

8.41 

.81 

7.60 

9.55 

Oct. 

6 

5.47 

.90 

4.85 

7.25 

9 

5,53 

.  86 

4.02 

6,69 

Nov. 

6 

3.31 

.74 

2.64 

4.72 

8 

3.18 

.38 

2.65 

3.60 

Dec. 

6 

2.38 

,17 

2.24 

2.70 

8 

2,48 

,37 

2,00 

2.95 

LOCATION: 

ELY,  NEVADA 

LOCATION;  BIS^RCK, 

NORTH  DAKOTA 

Latitude: 

39°  17  N. 

“  Elev. : 

6262 

feet 

Latitude:  46° 

46  No 

"Elev, : 

1677  ft. 

Jan. 

6 

4.90 

0,29 

4,  <4 

5.24 

9 

3.29 

0„22 

3.01 

3.68 

Feb. 

6 

6.16 

,41 

5.88 

6,96 

9 

4.75 

.22 

4,25 

5,03 

Marc 

8 

9.60 

.94 

8,07 

10.71 

9 

7.49 

o52 

6.77 

8,22 

Apr. 

8 

11.38 

,56 

10,45 

12,08 

9 

9.04 

o54 

8,12 

9.84 

May 

9 

12.96 

.99 

11.33 

14-53 

9 

11.52 

.92 

10.23 

13.17 

June 

9 

14,29 

,71 

13.18 

15.12 

9 

11,  72 

.80 

^  -  31 

12.68 

July 

8 

13.79 

,43 

13,16 

14.27 

9 

12.82 

.94 

'.-...60 

14,04 

Aug. 

10 

12.84 

,70 

11,62 

13,60 

9 

10,85 

,52 

9.78 

11,52 

Sept. 

10 

10,59 

.68 

9,07 

11.22 

9 

7,95 

.70 

7.07 

9,12 

Oct, 

9 

8.24 

.91 

6.67 

9.37 

9 

5.72 

.82 

3,85 

6,62 

Nov. 

9 

5.71 

.43 

5,09 

6.31 

9 

3.19 

.28 

2.83 

3,65 

Dec. 

9 

4,55 

,20 

4.17 

4,78 

9 

2.60 

,27 

2.27 

3.08 

LOCATION: 

STILLWATER 

,  OKLAHOMA 

LOCATION:  ASTORm,  OREGON 

Latitude: 

36°  08  N. 

-  Elev. : 

910  feet 

:  Latitude;  46 
< 

09  Nc 

•='  Elev, : 

22  ft. 

Jan, 

7 

4,25 

0.75 

3.36 

5.40 

7 

2,03 

0,35 

1,66 

2-63 

Feb. 

7 

5.23 

.83 

4.00 

6.25 

6 

2.93 

.  64 

2.11 

4.01 

Mar. 

8 

8.14 

.75 

7,46 

9.30 

7 

5.56 

.75 

4.27 

6.81 

Apr. 

7 

9.53 

.75 

8.24 

10.17 

5 

7,51 

lolO 

6,05 

9.07 

May 

7 

10,24 

,82 

9,11 

11.34 

5 

10,26 

1.17 

8,83 

12.07 

June 

7 

12.18 

.82 

11.18 

13.11 

7 

9.43 

.85 

8„19 

10,81 

July 

6 

11.69 

1.52 

9.14 

13.29 

7 

11.07 

1.14 

9.25 

12,08 

Aug. 

8 

11,28 

.72 

10.46 

12.67 

6 

9.84 

1.24 

7.66 

11,04 

Sept. 

7 

9.57 

1,43 

7.45 

11,78 

5 

7.18 

.73 

6.14 

7,98 

Oct, 

6 

7.08 

.  9*' 

6.20 

8.80 

4 

4.72 

1,15 

3.47 

6,26 

Nov. 

7 

5.29 

,72 

4,14 

6.47 

5 

2,15 

,36 

1.77 

2,74 

Dec, 

8 

4,46 

.60 

3.21 

5,26 

7 

1.59 

.16 

1.43 

1.82 

TABLE  A2, -“Continued 


LOCATION: 

Latitude: 

CORVALl^IS 
44°  33  N 

OREGON 

-  Elev. :  236 

feet 

LOCATION: 

Latitude: 

MEDFORD,  OREGON 
420  22'  N.  -  Elev. 

1321  fl 

Length: 

Av. 

Std.  ■ 

i 

Length: 

Av. 

’  Std.  • 

• 

MONTO: 

of 

J 

evap. 

Minimum:  Ma:cimum 

of  : 

evap. 

;  : Minimum:  Maj:imum 

J 

record: 

equiv. 

dev.  , 

* 

record; 

equiv 

»  •  • 

; 

Years 

Inches 

Inches 

Inches 

Inches 

Years 

Inches 

Inches 

Inches  Inches 

Jan, 

1 

2.45 

- 

• 

- 

10 

2,49 

0.27 

2.20 

2,92 

Feb. 

0 

- 

- 

- 

- 

10 

3.93 

,54 

3.18 

4.83 

Mar. 

2 

5.44 

0.10 

5.40 

5.48 

10 

6.84 

,71 

5,45 

7.97 

Apr. 

3 

8.00 

.74 

7.56 

8.85 

10 

9o62 

,99 

8.06 

11.07 

May 

3 

10.62 

1.21 

9.45 

11,86 

10 

12,04 

1.20 

10.35 

13.95 

June 

1 

10.72 

- 

- 

8 

12.99 

1.22 

11.05 

14.42 

July 

1 

13.86 

- 

- 

- 

8 

14.36 

1.09 

13.28 

16.16 

Aug. 

3 

11.88 

.68 

11.42 

12.66 

8 

12.53 

.34 

12,05 

13.04 

Sept. 

2 

7.31 

.94 

6.66 

7.97 

9 

9.04 

.74 

7.88 

9,84 

Oct. 

2 

4.82 

.25 

4.66 

4.98 

9 

5,93 

,71 

4.69 

6.90 

Nov. 

2 

2.77 

.64 

2.33 

3.22 

9 

3.01 

.44 

2,36 

3.87 

Dec, 

2 

1.59 

,10 

1,55 

1,63 

9 

1.99 

,35 

1,60 

2,57 

LOCATION: 

RAPID  CITY,  SOUTH 

DAKOTA 

LOCATION: 

BRONNSVILLE.  TEXAS 

Latitude: 

440  02  N. 

-  Elev.:  3180  ft. 

Latitude; 

250  54  N.  -  Elev. 

:  48  ft. 

Jan, 

9 

3.97 

0,36 

3.46 

4,46 

8 

5.94 

1,22 

4 , 66 

8.33 

Feb. 

9 

5.39 

.26 

5.03 

5.83 

8 

6.05 

.80 

4.61 

7,20 

Mar, 

9 

8.28 

.87 

6.85 

9.20 

9 

8.36 

1,03 

6.88 

9,63 

Apr. 

9 

9.81 

.68 

8.74 

10.58 

8 

8,94 

1.09 

6.77 

10,11 

May 

9 

11.20 

1.09 

9.66 

12.99 

8 

11,46 

.84 

10.38 

13.24 

June 

8 

11.99 

1,05 

10.75 

13.89 

7 

12.04 

1.18 

10.30 

13,86 

July 

10 

12.40 

.76 

11.57 

13.27 

8 

12.75 

.94 

11.39 

14,11 

Aug. 

9 

11.35 

.05 

10.43 

11.99 

8 

11.73 

.97 

10,94 

13.87 

Sept, 

9 

9.11 

.67 

7.64 

10.31 

9 

9.42 

.91 

7.87 

10.73 

Oct. 

9 

6.69 

.80 

4.85 

7.40 

9 

8.31 

1.33 

6.09 

10.65 

Nov, 

9 

4.18 

.06 

3.93 

4.52 

8 

5.80 

.51 

5.05 

6.67 

Dec, 

9 

3.38 

.06 

3.06 

3.49 

8 

5,43 

.82 

4,08 

6.25 

LOCATION: 

FORT  NORTH,  TEXAS 

LOCATION: 

MIDLAITD, 

TEXAS 

Latitude: 

32 

°  49  N. 

-  Elev, :  706 

ft. 

Latitude: 

310  55  ^  Elev. 

: 2855' 

Jan, 

9 

5,26 

0.90 

3.98 

7.33 

7 

5.94 

0.61 

5,30 

6.96 

Feb. 

9 

6.04 

1.12 

4.53 

8.34 

7 

6.75 

.76 

5.44 

8.01 

Mar. 

9 

8.79 

1.12 

7.09 

9.92 

7 

10.08 

1.05 

8.58 

11.37 

Apr, 

9 

9.89 

1.60 

6.91 

12.01 

6 

11.25 

.27 

11,08 

11,72 

May 

11 

11.70 

1.24 

9,23 

13.48 

5 

12,53 

.53 

11.93 

13,19 

June 

11 

13,23 

1.18 

12,12 

15.29 

7 

12.90 

,64 

11.56 

13,55 

July 

10 

13.10 

1.20 

10.74 

14.72 

7 

12.88 

1.32 

11.42 

15.01 

Aug. 

10 

12.58 

.98 

11.45 

13.97 

5 

12.24 

.49 

11.38 

12.52 

Sept. 

10 

10.19 

1.41 

8.12 

12.10 

7 

10.29 

.97 

8.67 

lie  57 

Oct. 

9 

8.34 

1.29 

6.16 

10o20 

6 

8.20 

.99 

6.62 

9,66 

Ncv, 

9 

6.23 

.92 

4,49 

7.75 

6 

6.73 

.36 

6.13 

7,11 

Dec. 

8 

5,29 

.73 

4.53 

5.76 

7 

5.79 

,53 

5.08 

6.32 

TABLE  A2, --Continued 


LOCATION; 

Latitude: 

SPOKANJj:,  WASHINGTON 

47°  37  N.  -  Kiev.;  2387 

ft. 

LOCATION:  LANDER,  WYOMING 
Latitude;  42°  48  N,  -  Elev 

.;  5574  ft 

: Length; 
MONTH:  of  : 

: record; 

Av,  : 
evap.  : 
equiv, : 

Std.  '  .  . 

:  Minimum;  Maximum 

Length:  Av. 

of  :  evap, 
record:  equiv. 

;  Std. 
dev. 

Minimum: 

Maximum 

Years 

Inches 

Inches 

Inches 

Inches 

Years 

Inches 

Inches 

Inches 

Inches 

Jan. 

6 

2,40 

0,46 

2,12 

3.35 

6 

4.70 

0.24 

4,58 

5,21 

Feb. 

7 

3.57 

.86 

2.38 

4,98 

O 

O 

6,07 

,29 

5.78 

6.55 

Mar. 

7 

6.42 

.77 

5.48 

7.83 

8 

9,39 

.77 

8.28 

10.57 

April 

7 

9.06 

,59 

8.13 

9.70 

7 

11.00 

,73 

9.83 

11,97 

May 

7 

11.37 

.78 

10.19 

12.85 

o 

O 

12,34 

1.14 

9,77 

13,48 

June 

5 

13.01 

.92 

11,62 

14.09 

8 

13.55 

.95 

11.71 

14.71 

July 

5 

13.88 

.51 

13.29 

14.59 

9 

13.68 

1.18 

12.24 

15.42 

Aug. 

6 

11.72 

.89 

10.40 

13.08 

8 

12.14 

.40 

11.61 

12.77 

Sept, 

6 

3.10 

.84 

6.24 

8.51 

f> 

O 

9.89 

1.22 

7.96 

11.02 

Oct. 

7 

4.81 

1.07 

3.80 

6.69 

8 

7.56 

.68 

6.83 

8.52 

Nov, 

7 

2.64 

.49 

1.89 

3.50 

7 

4.91 

.26 

4,50 

5.21 

Dec, 

7 

1.85 

.73 

1.34 

3.44 

8 

4.15 

.36 

3.48 

4,65 

APPENDIX  B 


Examples  of 
obtaining  detailed 


data  sheets,  (No,  1  and  No,  2),  used  for 
evapo transpiration  data  from  field  locations. 


Evapotranspiration  and  Soil  Moisture  Data  Sheet  No.  1 

Extraction  Data  Obtained  by  the  (To  be  completed  for 

Western  Soil  and  Water  Management  Research  Branch  each  experiment) 

Soil  and  Water  Conservation  Division 
U.  S.  Department  of  Agriculture 
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